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Abstract

A Method of Moments (MoM) model for the analysis of the Linearly Tapered Slot
Antenna (LTSA) is developed and implemented. The model employs an unequal size
rectangular sectioning for conducting parts of the antenna. Piecewise sinusoidal basis
functions are used for the expansion of conductor current. The effect of the dielectric
is incorporated in the model by using equivalent volume polarization current density
and solving the equivalent problem in free-space. The feed section of the antenna
including the microstripline is handled rigorously in the MoM model by including
slotline short-circuit and microstripline currents among the unknowns. Comparison
with measurements is made to demonstrate the validity of the model for both the air
case and the dielectric case. Validity of the model is also verified by extending the
model to handle the analysis of the skew-plate antenna, and comparing the results to
those of a skew-segmentation modeling results of the same structure and to available
data in the literature. Variation of the radiation pattern for the air LTSA with length,
height and taper angle is investigated and the resulis are tabulated. Numerical results

for the effect of the dielectric thickness and permittivity are presented.
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CHAPTER 1

INTRODUCTION

1.1 Problem Statement and Objectives

The main objective of this work is to develop a Moment Method Model for the

radiation pattern characterization of single Linearly Tapered Slot Antennas (LTSA)

in air or on a dielectric substrate. The geometry of the LTSA is shown in Figure 1.1.
This characterization consists of:
o Finding the radiated far-fields of the antenna,

e Determining the E-Plane and H-Plane beamwidths and sidelobe levels,

o Determining the D-Plane beamwidth and cross polarization levels,

as antenna parameters length (L), height (H), taper angle (a), substrate thickness

(d) and the relative substrate permittivity (e,) vary. The ranges of these parameters

are:
0.2500 < L < 50

0.250 < H < 3



2.5deg < a < 9deg
0.010 < d < 0.1X
1<¢ <105
where ) is the free-space wavelength at the operating frequency.

The reason for these choices of parameter ranges will be explained in later sections.

Conductor

L ~ _

Dielectric
Figure 1.1: LTSA Geometry

The LTSA geometry which is shown in Figure 1.1, does not lend itself to analytical
solution with the given parameter ranges. Therefore, a computer modeling scheme
and a code are necessary to analyze the problem. This necessity imposes some further
objectives or requirements on the solution method (modeling) and tool (computer

code). These may be listed as follows:



e A good approximation to the real antenna geometry.

o Feasible computer storage and time requirements.

According to these requirements, the work is concentrated on the development
of efficient modeling schemes for these type of problems and on reducing the central
processing unit (CPU) time required for the computer code. A Method of Moments
(MoM) code is developed for the analysis of LTSA’s within the parameter ranges

given.

1.2 Significance

An antenna is one of the most important components in all communication systems.
With the development of radar during the 1940’s, many new antennas have been in-
troduced. The introduction of MoM to electromagnetics made the numerical analysis
of many antennas possible. During the 1970’s the developments in microstrip de-
vices and circuits vastly increased the possibility of new antenna structures. Planar
antennas enjoy the possibility of integration with the other parts of the system. In
recent years, the new developments in the millimeter wave frequencies has increased
the importance of planar antennas suitable for this frequency range. The tapered slot
antenna is one likely candidate for both microwave and millimeter wave systems. It
can be easily integrated to microstrip circuits with a microstrip-to-slotline transition.

Its radiation characteristics are also promising. Initial studies on LTSA’s were mostly



experimental. In recent years, some approximate analytical and numerical solutions
for LTSA’s have been developed, however the validity of the results are restricted by
the choices of the antenna parameters or by the approximation of the real antenna
geometry. Therefore, there is a need for better modeling and characterization of these
antennas.

This work concentrates on rigorous computer modeling of single LTSA’s with the
use of MoM. The real antenna geometry is modeled closely for the first time, both the
conducting parts of the antenna and the finite size dielectric region. Earlier modelings
lacked accuracy in either modeling the conductor parts (by assuming a different shape
of the conductors to ease the analysis), or in modeling the dielectric (by assuming
the dielectric support infinite or assuming that it is very thin). The characterization
of the LTSA will provide the researchers and designers in the field with better design
guidelines in the range of the parameters given before. Also, the solution method is
not unique to the problem, the analysis of similar structures may be carried out with

a modification of the computer code for the particular problem.

1.3 Background

The Tapered Slot Antenna was introduced by Gibson [1]. He called it the Vivaldi
Antenna. Since its introduction, its properties have been studied by many researchers

in the field [2)-[12]. The first studies were mostly experimental [2, 3], dealing mostly



with the characterization of the antenna and derivation of some empirical design
formulas. The usage of the antenna at millimeter wave frequencies as a feed array
element [8], and the integration with the other elements of the system have also been
studied [11, 12].

The first theoretical formulation for the radiation pattern of the antenna has
been provided by R. Janaswamy [4, 6, 7]. In his work, the height of the LTSA (H
in Figure 1.1) was assumed infinite. Assuming also infinitely long antennas, (L 2
3)), enabled him to approximate the fields by those of two infinite cones which can
be analyzed analytically [13]. However, assuming infinite conducting parts for the
antenna leads to incorrect predicted fields if one uses the free-space Green'’s function in
the application of the Schelkunoff’s equivalence principle [14]. Due to this reason, he
approximated the effect of the finite length of the antenna by assuming a conducting
half-space at the end of the antenna, and using the related Green’s function.

In the analysis of LTSA’s on a dielectric substrate the preceeding assumptions do
not lead to an analytical solution due to the presence of the dielectric. Therefore, for
this part of the analysis, he approximated the antenna taper step-wise, and solved
the eigenvalue problem [15], to determine the aperture field distribution up to a
multiplicative constant in each constant slot-line section [7]. Enforcing the power
conservation principle for each junction yielded the field distribution which in turn
was used to find the fields of the antenna with the same half-space Green’s function.

This analysis also assumes an infinitely long structure and the effect of the dielectricis



not taken into account when finding the radiated fields using the aperture distribution.

In this early work, it has been found experimentally that the radiation proper-
ties of the antenna improve as the antenna height gets smaller [4, 7). However, the
summarized analysis is not suitable for the solution of this problem. It also suffers
from the treatment of the dielectric presence. In many applications, [2, 11, 12], the
length of the antenna is less than 3o, further restricting the applicability of these
results. Therefore, there has been a need to analyze the problem within parameter
ranges given in Section 1.

Contemporary to our work, attempts have been made to model the antenna by the
MoM [9, 10]. In this work, the antenna has been modeled by the skew-plate geometry
shown in Figure 1.2. The shortcoming of this approximation is the assumption of
differently shaped conductor edges in the distances comparable to the wavelength.
Since the approximated geometry of the antenna has also been utilized in experimental
models, good agreement with measurements has been obtained. Our results {16]
predict different radiation patterns for the real geometry of the LTSA. Also the effect
of the dielectric still needed better consideration, since only low-permittivity (e,), and
very thin dielectric support has been analyzed [10].

In electromagnetic radiation and scattering problems there are two main ap-
proaches: Differential equation (DE) modeling and integral equation modeling [17].

Traditionally, DE models are used in bounded problems and IE models are employed



Figure 1.2: Skew-Plate antenna

in exterior radiation and scattering problems. In DE models, the problem region is
divided into meshes and the unknown is approximated by a function in each cell. The
gatisfaction of the boundary conditions at each mesh boundary yields the unknowns
related to the fields. In IE models, the integral equation describing the problem is
obtained first, then, the unknown in the equation is expanded using some basis func-
tions. Weighting of the IE with some weight functions converts the integral equations
to a linear system of equations. Solution for the currents (or unknown in the problem)
is obtained by standard matrix inversion or iterative techniques. By their nature, DE
models are local and IE models are global, and as a result, the matrices obtained
from DE models are large but sparse as opposed to the relatively small and dense

matrices obtained from IE models. DE models are extended to radiation and scatter-



ing problems in unbounded regions by utilizing the “absorbtive boundary conditions”
[18]. However, since large matrices are obtained using DE models and since the solu-
tion times are on the same order for both of the methods, we have preferred the IE
modeling scheme and MoM formulation [19, 20].

In IE methods, another recent approach is the Conjugate Gradient Method [21,
22, which has been applied to dielectric scattering, scattering from conducting plates
and wire antenna problems. However, it is not applicable to mixed bodies such as the
dielectric supported LTSA. It has been applied to LTSA’s in air and infinite arrays

of LTSA’s by Catedra et al [23)].

1.4 Overview of Report

The report is organized as follows. Chapter 2 presents the formulation of generalized
scattering or radiation from a coated dielectric body problem. In Chapter 3, the
implementation of the method for the LT5A is explained. The modeling approach
for the conducting and the dielectric parts of the antenna with the basis and test
function choices for MoM formulation is given in this chapter. Possible excitation
types for the antenna and the modeling of the source are also discussed in Chapter
3. In Chapter 4, the results and discussion are presented. In section 4.2, favorable
comparison to available data in the literature and to experimental measurements is

made to verify the computational results. The accuracy of the results is checked and



discussed. A parametric study of air LTSA’s with changing L, H and a is given
in section 4.3. Conclusions on the behavior of the radiation characteristics of the
antenna with respect to these parameters are drawn. In section 4.4, the effect of
the dielectric thickness and the permittivity on the radiation characteristics of the
antenna are presented. The developed MoM code is explained briefly in Chapter
5. The performance study of the code is also given in this chapter. Finally, the

conclusions and the suggestions for future research are presented in Chapter 6.



CHAPTER 2

FORMULATION OF THE METHOD

2.1 Introduction

Many important electromagnetic problems involve radiation and scattering from a
dielectric body partially covered with a conductor. This general problem geometry is

shown in Figure 2.1. In this figure, the problem is shown as a scattering problem where

€' H)

S

(E,H)

Conductor

€ Ko

Figure 2.1: Scattering Problem Geometry

(E‘,H') is the incident field and (E,H), the total field in the presence of the scatterer,

is the unknown. The location of the source for (Ef,H’) is assumed to be at infinity so

10



that (E¢,HY) is not effected by the presence of the scatterer. In radiation problems the
same formulation as for the scattering case can be used with only a proper change of
the interpretation of the incident field. In this type of problem, (E‘,H*) is the field of
the source (J;,M;) which is usually on or in the structure and assumed to be known or
approximated. When attempting to solve the problem numerically, a suitable source
model is chosen. As a result of this modeling, some parts of the source model should
also be included as having unknown current distribution. This is the major difference
of the radiation and scattering cases.

Whether it is a scattering or a radiation problem, the analytical solution of the
total fields for Figure 2.1 is very difficult in most cases. When the geometry of the
dielectric body is a canonical one such as a sphere or a slab extending to infinity,
the specific Green’s function can be derived in the frequency domain or a series
representation of it may be obtained. However, the solution for the conductor parts of
the structure is still very difficult and is usually carried out by a numerical approach
[24] such as MoM. For example, when the dielectric body is a slab extending to
infinity, the Green’s function is easy to derive in the frequency domain |[24]. However,
in the solution of the unknown conductor currents by moment method, one encounters
Sommerfeld integrals which are difficult to integrate numerically. When using series
form for the Green’s function, the slow convergence is a typical problem.

When the difficulties regarding the Green’s function are considered and when the

geometry of the particular problem does not allow these approaches, the only possible

11



way is to use numerical methods [17].

In order to solve the general problem of Figure 2.1 numerically, the governing
integral equations for the conductor and dielectric regions are obtained. This is
explained in section 2.2 These equations are then solved numerically using MoM.
This procedure is detailed in section 2.3. In the remaining sections of this chapter,
the dielectric body will be assumed to have the permeability, o, of free-space, which

is the case for most antenna problems.

2.2 Derivation of the Integral Equations

Referring to Figure 2.1, the conducting parts of the structure ,S., can be modeled
by applying Schelkunoff’s equivalence [14] principle. According to this principle, the

total tangential fields determine the equivalent electric and magnetic surface current

densities,
J,=nxH (2.1)
M, =— nxE
= 0 (2.2)

which are introduced on the surfaces of the conductor; both bottom and top. Here,
n is the unit outward normal to the conducting body. M, is equated to zero in

(2.2) since a perfect conductor assumption is made and on a perfect conductor the

12



tangential electric field is zero. When J, and M, are introduced on the conductor,
the conductor can be removed and the currents J,, M, can be considered to radiate
in free-space [25]. If the conductor is very thin, equivalent currents J, and M, might
be considered as the vector sum of the currents on the top and bottom surfaces.

Throughout the analysis this assumption will be made for the conductor regions.

In the dielectric region, Vi, Maxwell’s equations may be written as:

V x E = —jwpH (2.3)

VxH = jweE

= jweE + jw(e — €)E (2.4)
Subsequently, (2.4) can be rewritten as,
V x H = jweE + J. (2.5)

where

J. = jw(e— &)E (2.6)

Equation (2.5) can be interpreted as a Maxwell’s equation in free-space with a current
source J, located at the position of the dielectric part of the structure. Therefore,
one can replace the dielectric region with the equivalent volume electric polarization
current density J, and consider the whole problem in free-space [20, 26, 27, 28, 29].

The equivalent problem is shown in Figure 2.2.

13



€ Yo
Figure 2.2: Equivalent Problem

On the conductor regions, the total tangential electric field intensity is zero. There-

fore, the following equation must be satisfied on the conductor surfaces.
(B +E°+E%)an =0 (2.7

In equation (2.7), E¢, E*, and E° are the fields radiated by the sources J;, J, and
J., respectively.
In the dielectric region, V4, the condition

E‘+E+E* = E

Je
= e (2.8)

should be satisfied.
Equation (2.8) is merely the statement of the equality of the total fields in which
(2.6) has been used to obtain the relation with the equivalent polarization current

density, J., in the dielectric region.

14



All the fields produced by the equivalent sources and the source can be expressed

in terms of the free-space dyadic Green’s function as

E = /v 3.Qav (2.9)
where,
G=(01+ é—VV)go (2.10)
and,
g = 2’!’(_‘1:—“9. (2.11)

T is the unit dyad, R is the distance between the source and the field points, R = |r—
r'|, where r and r’ are position vectors to the field and source points, respectively, and
ko is the free-space wavenumber. The V operator operates on unprimed coordinates
which are the field coordinates. For surface current densities, equations (2.9) through
(2.11) still can be used with surface integrals over source current densities replacing
the volume integrals.

As a result, equations (2.7) and (2.8) are the two integral equations that must be
gatisfied by the unknown conductor current density J, , and the equivalent volume
polarization current density J..

Equation (2.7) states that the total tangential electric field intensity on a con-
ductor surface is zero. Therefore, if a test source J,, is placed in the conductor, its

reaction [25] with all other sources, (J;, J., J.), will be zero. In equation form this

15



can be written as:
/J,-E"‘dS+/ J.--E"‘dS+/ I.-E™dV =
€ s.' V‘

J.-E'dS + /s J.-EdS + /s‘ Jn-EdS = 0 (2.12)

S
where S; and S,, are the regions in which J; and J,, are nonzero. The field E™ is the
field radiated by J,, in free-space.

Equation (2.12) is a reaction integral equation for the two unknown current den-
sities J, and J.. Satisfaction of this equation ensures that these currents have the
proper reaction with a test source on the conductor surface. However, this does not
insure the satisfaction of the field equality equation, (2.8), in the dielectric region.
In order to incorporate the effect of the dielectric, we will multiply (2.8) by a vector

weighting function W, and integrate over Vg, to obtain,

J.

E’'+E° — -
V.,( jw(e — €)

) WndV = — /V B WodV (2.13)

Let us rewrite equations (2.12) and (2.13) as:

/J.-E"‘+ 3.-E* = — [ 3,-E™
S, Ve S;
- V. (2.14)
3. .
(B +E = ———) - WopdV = — [ E-WndV
Va jw(e — ) Va
= —Vm’ (2.15)

16



Equations (2.14) and (2.15) contain the unknown current densities in their kernels
and are the governing reaction integral equations for the problem of Figure 2.1. These
two coupled integral equations must be solved to find the unknown conductor and
dielectric polarization current densities J, and J., respectively. The equations (2.14)
and (2.15) must hold for any arbitrary test function J,, and W However, in order to
solve these equations numerically with MoM, N distinct Jm and M distinct W,,, will
be used to reduce the equations to a square matrix equation, where N and M are the
number of expansion functions for the conductor and dielectric regions, respectively.

It is worthwhile to mention here that, although the reaction concept is utilized to
obtain (2.14), it is essentially an inner product of the integral equation (2.7) by the

test functions J,, similar to the dielectric equation (2.8) and its inner product (2.15).

2.3 Solution of the Integral Equations by the Method of

Moments

In order to solve equation (2.14) and (2.15) by MoM, the unknown currents are

expanded as follows:

N
I.=)Y LJdnm (2.16)
n=1
N+M
=) I.da (2.17)
n=N+1

The total conductor surface current J, is expanded by using the basis functions

17



J1,.. In the dielectric, the volume polarization current density is similarly expanded
using the basis functions Je.. In (2.16) and (2.17) J.,n and Jen have known forms
and I, and I, are the unknown multiplicative constants to be determined. In
general, since the conductor current is a surface current density, J,, should contain
two orthogonal components, whereas J., is a volume current density and should
contain three.

Substituting (2.16) and (2.17) into (2.14) and changing the order of integration

and summation gives,

N N+M
In(| Jm- -E™dS Io(| Jen-E™dV)=-V,
Il )+ 3 Il )
- /s 3;-EmdS (2.18)

In (2.18), since J,n,Jen and E™ are known, the integrals may be evaluated leaving
a linear equation in N + M unknowns. Since E™ is the field of the test sources which
are placed on the conductor, using N test sources in (2.18) gives N equations in

N + M unknowns.

Similarly, when (2.16) and (2.17) are substituted into (2.15) we obtain,

N
,,; Ion( /v E™-WadV)+

b3 o Jem . = -
u=§r:+1lm('/"d(E _jw(e—eo)) WndV) = ™

= - E'-W,dV (2.19)
Ve
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where E™ and E™ are the fields produced by the surface and the volumetric basis
functions (currents), J ., and Jen, respectively. When M weighting functions are used
in (2.19), M equations in N + M unknowns result. Together with those obtained
from (2.18) a square matrix of order N + M is obtained.

Equations (2.18) and (2.19) represent a linear system of equations which can be

written compactly,

N+M
Z I.Zon =Vin form=1,.... N+ M (2.20)
n=1

or in the matrix form as,
2I=V | (2.21)
where, Z is the square impedance matrix, I is the current vector, and V is the

excitation or voltage vector, and,

1, fn=1,---,N
I, = (2.22)

I, fn=N+1,---,N+ M

~[s3;-E™V ifm=1,---,N
Vi = (2.23)

—fy B -WadV fm=N+1,--,N+M

After the matrix elements, z;, are calculated using numerical integration, the
unknown current coefficients are solved by standard inversion or iteration procedures.
Until this point the method is general in the sense that, neither the basis functions

for the conductor and the dielectric, nor the testing (weighting) functions for them
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are specified. The difficulty or the complexity of the matrix element evaluation and
the computation time for them are heavily influenced by these choices. The chosen
basis and testing functions and their impact on the implementation of the method

for LTSA’s will be explained in the next chapter.
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CHAPTER 3

IMPLEMENTATION OF THE METHOD FOR

LINEARLY TAPERED SLOT ANTENNA

3.1 Introduction

In this chapter, the implementation of the method explained in chapter 2 will be given.
In order to apply the formulation of the previous chapter to the antenna geometry of
Figure 3.1, the conducting parts of the antenna should be approximated by a surface

modeling scheme. The definitions of the unknown currents on the conducting surfaces

Conductor

Dielectric
Figure 3.1: LTSA Geometry
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will complete this part of the analysis. The next step is to approximate the dielectric
geometry and define the unknown currents for the dielectric region. When the test
functions for both the conducting and the dielectric parts are determined, the matrix
elements can be calculated.

The approximation of the conducting and dielectric parts also involves the model-
ing of the source. Depending on the source modeling, unknowns related to the source
may be included in the matrix equation.

After the matrix equation is obtained by calculating the matrix elements and the
right-hand side vector, the solution of this equation gives the unknowns. Once the
unknown currents are calculated, any necessary information of the antenna such as
the far-field radiation pattern, field distribution in the dielectric, input impedance,

can be calculated easily.

3.2 Conductor Modeling

Possible choices for modeling the conductor surfaces are triangular sectioning (30, 31],
polygonal plate modeling [32, 33, 34}, or a combination of these with rectangular sec-
tioning [35, 36). As mentioned in chapter 2, the complexity of the matrix element
calculation depends on this choice. Although triangular and polygonal plate modeling
schemes are better in conformity to the surface than rectangular sectioning,the num-

ber of integrations involved in calculating the matrix elements is larger. Triangular
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sectioning is best suited for modeling the LTSA geometry, however the integrations in
the matrix element calculations have to be carried out on a triangular domain which
is costly and difficult to do numerically. Polygonal plate sectioning is also suited to
modeling the LTSA geometry. The difficulty in matrix element calculation however is
worse than both the triangular and rectangular sections. The matrix element calcula-
tion integrations are four-fold in this case. Rectangular sectioning gives the simplest
expressions for the matrix elements and is the least costly in terms of the computa-
tion time. Hence, whenever applicable, rectangular sectioning offers simplicity and
computational savings. Referring to Figure 3.1, the range of the taper angle for useful
antennas was determined earlier [4] to be less than 9 degrees. This small taper angle
allows a good approximation with the unequally sized rectangular segmentation of

Figure 3.2.

Figure 3.2: Unequal Size Rectangular Sectioning
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3.3 Conductor Basis and Test Functions

The conductor current basis fuctions are chosen as overlapping piecewise sinusoidal
functions. The current on the ith segment of the conductor consists of two monopoles.
The current starts on the segment i and extends to the next segment. Each segment

carries a monopole current which has components J,; and J,; defined by,

J.=a 1 {I1£8in[ko(hi —z)| + Iy sin(koz.-)} (3.1)

* 2w, sin(koh;)

_ 1 [ I;sin[ko(w; — ;)] + Jaisin[ko(w; + ;)]
Juy = Bap— { n(Zhows) } (3.2)

where a, and a, are the unit vectors in the directions of z and z, respectively, 2w; is

the segment width, and A; is the segment height. I; and I5; are the terminal currents,
and take the values either 0 or 1. z; and z; are the local coordinate variables of the
monopole measured from the bottom and the center of the monopole, respectively
(See Figures 3.4 and 3.5). The z component of the monopole current extends h;y;
along z, to provide current overlap for the successive unequal-size rectangular sections.
These monopole currents are piecewise sinusoidal in the current direction and constant
transverse to it, and are the same as those in [25].

The combination of the two neighboring segment currents creates one unknown
for the conductor. This combination and the resulting current distribution is shown
in Figure 3.3. As seen from Figure 3.3, the conductor currents are continuous in

the current direction since every surface dipole current overlaps a neighboring one.
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Figure 3.3: Piecewise Sinusoidal Conductor Currents a) Segment geometry b) Distri-
bution in Current Direction c) Distribution in Perpendicular Direction

The current is a constant with respect to the coordinate perpendicular to the cur-
rent direction. The continuity of the current is a desired property for two reasons.
Firstly, the current on the conductor is continuous, therefore, using continuous basis
functions allows a good approximation, especially where the current is rapidly vary-
ing. Secondly, a discontinuous current approximation creates line charges where the

current is discontinuous. Since this would be a fictitious line charge that shouldn’t
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be present it might lead to erroneous results for antenna currents and therefore other
calculated results.

The test functions to complete the application of (2.18) are chosen the same as the
basis functions. This is called Galerkin formulation. For this specific choice of basis
and test functions, the matrix elements for the conductor-conductor interactions be-
come mutual impedances between the respective currents. These mutual impedances
are obtained by summing up the four monopole-to-monopole mutual impedances [25]).
With the rectangular sectioning and the defined current distributions, there are only
two types of monopole-to-monopole mutual impedance calculations. These are par-
allel and perpendicular cases which are shown in Figure 3.4 and Figure 3.5. With
this choice of rectangular sectioning and current definition the monopole-to-monopole
mutual impedances of Figure 3.4 and Figure 3.5 were earlier calculated by integrating
the mutual impedance of line currents (36, 37, 38, 39] over the monopole surfaces.
The simplest formula for the parallel case is reported in [40]. For the perpendicular
case, a one dimensional integral formula for the mutual impedance between a dipole
and a monopole is reported in [41]. None of these earlier formulations is valid for
unequally sized parallel or perpendicular monopole-to-monopole interactions. The
direct integration for the surface currents leads to faster and easier evaluation of ma-
trix elements even in the general case of unequal size segments. Simple formulas for
the mutual impedances of the two cases shown in Figure 3.4 and Figure 3.5 have

been derived and reported in [42]. The derivations and the resulting expressions will
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Figure 3.4: Parallel Monopoles

27

not be repeated here, however, it is worthwhile o mention that the parallel case
contains only one-dimensional integrals and the perpendicular case is in closed form,
containing exponential integrals only. It is these simple formulas that led to the
choice of unequal size rectangular sectioning of the conductor. Tremendous savings
of computation time makes possible the use of finer grid sizes and therefore better
approximations of the antenna geometry. Another resulting benefit of the rectangu-
lar sectioning is the increased symmetry that further reduces the computation time.
In large method of moment calculations it is important to consider the symmetries

and eliminate the unnecessary computations. In summary, compared to triangular
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Figure 3.5: Perpendicular Monopoles

and polygonal plate modeling, rectangular sectioning is more efficient for the LTSA

geometry.

3.4 Dielectric Modeling

The dielectric region of the LTSA of Figure 3.1is a rectangular slab with a thickness
d. Therefore, any sectioning scheme would easily conform to its geometry. The most
common modeling technique for the slab geometry that has extensively been used in

the earlier work is cubical sections [26, 27, 28, 29]. For arbitrary dielectric shapes,
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tetrahedron modeling has been employed [43] . Since cubical sectioning has been
successfully used in the modeling of similar antenna structures, it has been employed

in this work (See Figure 3.6).

z i-th segment

f ,
[ [ [ /)

[T 7 77
ST T T

L,

Lx { y
Figure 3.6: Dielectric Segmentation

3.5 Dielectric Basis and Test Functions

In the dielectric region, pulse basis functions are employed which are suitable for
the segmentation of Figure 3.6. Therefore, the polarization current density in the

dielectric region is expanded as

Bi
L.L

. _ % Y
Je‘(z, y,Z) LyL‘a. + ’aﬂ + L.Luaz (3'3)

if (z,¥,2) is in the i-th cell , (Figure 3.6), and zero if outside.

In the analysis of microstrip antennas, the assumption of infinite dielectric is
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usually employed [44, 45, 46]. Since the finite dimensions of the dielectric are ignored
in this assumption and since Sommerfeld-type integral evaluations are necessary for
the calculation of the matrix elements, this approach is unsuitable for the LTSA
analysis. In the analysis of scattering by homogeneous dielectrics, surface current
formulations have also been employed [47, 48], which is also applicable to the LTSA
problem. However, the case study for a sample LTSA has revealed that the surface
current formulation would lead to larger matrix sizes and more difficult numerical
integrations for the matrix element computations compared to the volumetric pulse
expansion given in equation (3.3). The simplicity of volumetric pulse functions in
terms of integration complexity was also the reason why overlapping triangular or
sinusoidal basis functions were not preferred.

The expansion of the dielectric volume polarization current density by (3.3) satis-
fies the criteria that the divergence of the electric field intensity inside a homogeneous
dielectric region is zero [29]. However, it introduces surface polarization charges on
the faces of the volumetric pulses. The effect of these surface charges has been found

to be negligible for the LTSA modeling.

The same modeling scheme for the dielectric regions has been successfully applied
to dielectric scattering problems and wire antenna problems [28]. Recently, it has

also been applied to the analysis of microstrip antennas [29]).

The test functions for the dielectric region are chosen as delta functions located
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at the center of each cell and directed in a,, 8, and a, directions. When employed
in (2.19), this test function choice results in the field equation (2.8), which is merely
a statement of the equality of the total fields at the center of each dielectric segment
and for each component of the electric field intensity in a., &, and a, directions.
The reason for the choice of this test function is basically its simplicity. Other test
functions would introduce additional complexity in addition to already numerically
difficult field calculation for three dimensional sources, especially in the source region

itself [49].

3.6 Source Modeling

Good source modeling in the LTSA analysis is very important because of the fact
that the source can contribute to the radiation pattern appreciably. The reason for
the source contribution is the openness of the feeding structures. The source region
of the LTSA may differ appreciably according to the mode in which the antenna is
being used or according to the feeding structure that is employed. Two of the most
commonly used source configurations are shown in Figure 3.7. When the antenna
is used in the receiving mode, power can be picked up easily by a detector diode
soldered across the apex of the antenna as shown in part a) of Figure 3.7

The second source configuration employs a microstripline-to-slotline transition

[50] as shown in part b) of Figure 3.7. In this figure, L; is the input transition
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Figure 3.7: Possible Source Configurations of the LTSA a) Receiving mode with a
detector diode b) LTSA with a microstripline to slotline transition

length, z20 is the distance of the microstripline to the antenna edge and W, is the
width of the microstripline. In this configuration power is delivered to the slotline
with a microstripline which extends An,/4 past the slotline edge, where A, is the
microstrip wavelength. Slotline, on the other hand, is short-circuited A,;/4 away
from the microstripline edge, A,; being the slotline wavelength. This configuration

creates a resonant structure with a very good voltage standing wave ratio over narrow
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bandwidths [50]. The bandwidth can be increased by using matching circuitry on the
microstripline, while impedance matching the latter to the other parts of the circuit
at the same time.

Different source configurations of the LTSA must be modeled differently. For the
diode reception mode, the diode is modeled as a dipole with a delta gap generator
at its center [20]. When the dipole thickness is made equal to the thickness of the
detector diode, it has been shown earlier that this source modeling yields good results
[10].

For the input configuration of Figure 3.7, the microstrip radiation is initially
modeled by an infinitesimal current element at the center of the slotline and the
other parts of the antenna are approximated by rectangular sectioning, including the
short circuit for the slot line. This has been accomplished by introducing another
current at the exact short circuit location. The length of the short circuit current
is made greater than the slot line width so as to make the current flow between
the lower and upper parts of the antenna. It is found that the current element
modeling for the microstripline gives very satisfactory results for the co-polar radiation
characteristics of the antenna. However, it cannot predict the correct level of cross
polarized radiation in the boresight direction. Therefore, a third source model is
developed which accounts for the microstripline rigorously, by defining currents on
the microstrip as well. The feed point of the microstrip is approximated by a current

element in y direction, which avoids the difficulty of introducing the connection mode
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currents between the microstripline and the antenna plates. This third model is found
satisfactory for determining the radiation characteristics of the antenna, as will be

seen in Chapter 4.

3.7 Evaluation of the Matrix Equation

The choices of the conductor and dielectric basis and test functions of sections 3.3 and
3 5 determine how the matrix elements will be computed. Assuming N unknowns
for the conducting parts and S segments for the dielectric region, there will be 35

unknowns in the dielectric. Therefore, 3S = M of (2.19). If we consider Z as,

ANxN BNxM
Z = (3.4)

CuxN Dmxm

A and B submatrices will have elements which are calculated by reaction integrals.

For currents J; and J; the reaction integral is given by
Zi; = / E.J;dS
Si

= [ E.J;dS (3.5)

S;
where Ei and EJ are the fields radiated by J; and J;, respectively, and S; and S;
are the regions where J; and J; are nonzero. Submatrix A consists of the conductor-
conductor interactions. Its elements are calculated by the reaction integrals between

the conductor currents only. The calculation of these elements is explained in Section
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3.3 since it is related to the geometry approximation directly. These elements are
calculated by using the expressions reported in [42].

Since delta functions are chosen as the testing functions in the dielectric region,
C and D submatrices are comprised of the fields radiated by the conductor currents
and the dielectric polarization currents respectively at the center of each segment.
Evaluation of the C submatrix elements is carried out using field equations for piece-
wise sinusoidal line sources [14). The field of any conductor current can be found by
adding the fields of the corresponding monopoles that makes up the whole current.
Referring to Figure 3.1, conductor currents can be in z or z directions only. For a
current in z direction, the components of the electric field intensity, Zcp,, where s

stands for z, y or z component, can be found as

wi (koD — z)(koL + Bm) ezp(—3Rum)

ZCD. ; C mz_l-/’low- [(koD 3)2 + (koH)zl Rm (3.6)
kowi koH (koL + Bm)  ezp(—)Rm)

Zom, = §C > W B o~ e (v e n @0

Zep, = é -G 2—_:1 / ’:‘:. “’p(;iR”") (38)

where D, H and L are the distances between the center point of the monopole i and
the center of the dielectric cell, in z, y and z directions, respectively, as shown in

Figure 3.8. The various other parameters are
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Figure 3.8: Geometry of conductor and dielectric currents

—330k,
2kow; sin(koh;)

ay = Iy cos(koh;) — Iy

C;

a; = Ij— Iy cos(koh,»)
pr = —koh;
B = 0

Rm = [(koL +Bm) + (koD —z)* + (ke H)]'/? .

The fields of the z-directed currents can be found using equations (3.6-3.8) with
a coordinate rotation.

Returning to the submatrix B, and considering that its elements are the reaction
integrals between the conductor currents and the dielectric currents, the following
approach is applied in their calculation. The dielectric cell is divided into smaller

cubical sections and the fields of the conductor current is calculated at the center of
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each small section. Multiplication of these fields with the volume of the subdivision
and summation over the cell gives a good approximation to the elements of the B
submatrix. Therefore, if the dielectric cell has dimensions L,, L, and L, and if it
is divided into n,, n, and n, segments in z, y and 2 directions, respectively, the

reaction, Zpc, of a z directed conductor current on a dielectric current becomes

ne Ny ng L.L L,
Zpc, =Y. Y. Y —Zob, e Y

i=1 j=1 k=1 ReNtyNs

(3.9)

where Zcp,‘,,,. is the field of the conductor current at the center of the subdivision
ijk, and s represents z, y or z directed dielectric current. The interactions between
the z-directed conductor and dielectric currents can be found by using (3.9) with a
coordinate rotation for the conductor current. This approximation to the dielectric-
conductor interaction submatrix B is justified because of the fact that MoM usually
yields diagonally dominant impedance matrices. Since the elements of B are off-
diagonal, the results will not be as sensitive to errors in the calculation of these
elements compared to the ones in diagonal elements of A and B.

The elements of the submatrix D are directly calculated using equations (2.9-
2.11). When calculating the field of a cell current in itself, the singularity in the
expression is extracted as suggested in [49]. For the off-diagonal elements of D, the
same type of approximation as (3.9) is made to reduce the computation time.

The voltage vector calculation also follows the same approach. The first N el-

ements are the reactions of the source and the conductor expansion currents, the
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remaining M = 35 are the fields radiated by the assumed source distribution at the
center of the dielectric segments.

All of the numerical integrations for the evaluation of the matrix elements are
carried out using Gauss-Chebychev quadratures which are suitable for oscillatory

kernels.

3.8 Solution of the Matrix Equation

The matrix equation,

ZI=V (3.10)

is solved by using the Conjugate Gradient (CG) method [51, 52, 53]. CG method is
an iterative conjugate direction method. In Conjugate Direction method the error
functional is minimized successively in the directions of a set of Z-orthogonal vectors.
A set of vectors P, n = 1,2,...,(N + M) is said to be Z-orthogonal (or Z-conjugate
if they satisfy

<ZP;,P;>=0 fori#j (3.11)

where * denotes the conjugate.
In conjugate direction methods, at each iteration, 1. + a,P, is minimized where

P, lies on the (N + M — 1) dimensional hyperplane

<P, ,ZI-V >=0 (3.12)

38



whose normal is ZP. The conjugate direction methods differ in the way P, are
obtained. When the vectors P, are obtained by Z-orthogonalization of the residual
vectors, R,,, which will be defined subsequently, a CG method results.

The CG method is applicable to Hermitian matrices (operators). In the dielectric
supported LTSA case the matrix Z is not symmetric and hence, CG method cannot
be applied to (3.10) directly [51]. In order to satisfy the symmetry and the positive
definite requirements for Z, both sides of (3.10) can be multiplied by ZT, where T de-
notes transpose conjugate. The CG algorithm can then be applied to the transformed

equation without actually forming the product ZTZ [54].

For an initial guess I, the CG method starts by evaluating,

Ro = V-1ZIL

P, = Z'R, (3.13)

and then develops each successive approximation by,

L1 =L + a.P, (3.14)
where
|ZTR,|?
_ N2 R 3.15
o = “[[ZP| (3.15)

The residual vectors are generated as

R."+1 = R.n bt a,,ZP,. . (3.16)
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The direction vectors at each iteration are obtained as

l)n+l = ZTR'»-H + ﬂnpn (3-17)
where
|ZTRpsa|?
Bn = —Fmre——- 3.18
ZTR, | (3.18)

This algorithm minimizes the norm of the residual, ||Rn||, at each iteration. The
iterations are terminated when the error norm, ||Ry|| is less than some ratio of the
initial error norm, ||Re||. The initial guess in this work is taken as zero vector in all
computed results. Therefore, ||Ro|| = V. When |IRa|| < 10~4||Ro}|, the iterations
are terminated. Different tolerance values (10~%, 10~°) have also been employed to
check the sensitivity of the results around the solution with the same input data.
The solutions obtained with smaller tolerances are nearly identical in terms of the
radiation pattern and current distribution, and hence, 10~* is used in further results.

CG method has many nice features that make it useful in the solution of large
linear systems of equations such as the one obtained in the LTSA analysis. Some of
these which might explain the preference of CG iteration over the direct methods can

be outlined as [54, 55]:

e The method is highly insensitive to the initial guess L. As mentioned earlier,
I, = 0 is chosen in all of the computations involved in this work, with no

difficulty in obtaining the solution.
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¢ The number of iterations required for CG method is equal to the number of
distinct eigenvalues of the matrix Z [54]. This property makes CG method
especially useful for large MoM applications, since in most of the cases, the
eigenvalues of Z are closely spaced. Actually, it is this property that favors
CG method over direct methods since CG method lowers its computational
cost with closely spaced eigenvalues. In order for CG method to be less costly
compared to Gaussian Elimination, the number of iterations should be less
than (N + M)/3, where (N + M) is the size of the matrix Z. Most of the results

in this work are obtained with number of iterations less than this number.

e The convergence of CG method is 1/K quadratic [54], assuming that the so-
lution is reached in K iterations. The reason for this rate definition of Sarkar
[54] is that the algorithm requires K steps to achieve the effect of one step of

a method with a true quadratic convergence rate.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Imntroduction

In this chapter, the results of the analysis of LTSA’s in air or with a dielectric support
will be given. Verification of the computed results and comparison to experimental
measurements are given section 4.2. A parametric study of air LTSA’s is explained
in Section 4.3. Finally, the computed results for dielectric LTSA’s are presented in
Section 4.4, where the effect of the dielectric thickness and permittivity are investi-
gated.

The radiation patterns of the antenna in the E-Plane , H -Plane and the D-Plane
are used throughout this chapter. With the coordinate system of Figure 3.1 for the
antenna configuration, E-Plane of the antenna coincides with the z—2 Plane, whereas
H-Plane is the z—y plane, as shown in Figure 4.1 and Figure 4.2, respectively. The D-
Plane is a diagonal plane located at 45 degrees to the E and H-Planes. The radiated
patterns are measured and computed for co-polar and cross-polar components. The

co-polar component of the field of the antenna is the 8 component for both principal
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Figure 4.1: E-Plane of the LTSA
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Figure 4.2: H-Plane of the LTSA
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planes (E and H). Therefore, E and H plane data are measured by considering
Figure 4.1 and Figure 4.2, and measuring the field component in the direction shown
by the direction of E in the mentioned figures. In the E-Plane, ¢ = 0 degrees
and 0 is varying, whereas in the H-Plane, § = 90 degrees and ¢ is varying. These
can be better understood by considering Figure 4.3 which shows the LTSA and the
standard gain antenna positioning. In Figure 4.3 it is assumed that the test antenna
(LTSA) is used in receive mode and the polarization of the transmit antenna is as
shown, however, everything remains for the transmit mode operation of the LTSA.

Considering Figure 4.3, co-polar measurements can be listed as:

o E-Plane: 8, = 90 degrees, §; = 90 degrees.
o H-Plane: 8, = 0 degrees, §; = 0 degrees.

o D-Plane: 8, = 45 degrees, §; = 45 degrees.

For cross-polar measurements, changing the polarization of the transmit antenna
will be sufficient, which means changing §;. This measurement strategy for the cross-
polarized fields conforms to the third definition of Ludwig [56]. Therefore, cross-polar

measurements can be done with the following set-up.

o E-Plane: 8, = 90 degrees, B; = 0 degrees.

e H-Plane: 3, = 0 degrees, B; = 90 degrees.



o D-Plane: f3, = 45 degrees, §; = —45 degrees.

4.2 Verification of Computed Results

Numerical results obtained using the code are tested and verified both computa-
tionally and experimentally. First, the unequal-size rectangular sectioning scheme
of section 3.2 is tested. In order to do this, the analysis is extended to handle all
four edges of the skew-plate antenna of Figure 1.2. The results of this analysis is
compared to those obtained from another code which uses skew segments, and hence
models the skew-plate antenna exactly in the geometrical sense. In many cases that
are computed, very good agreement is observed between the results. Figures 4.4
and 4.5 show the comparison for the E-Plane and H-Plane co-polar radiation pat-
terns, respectively, for a skew-plate antenna with L = )Xo, H = 0.5), a = Sdeg
and W; = 0.004)\. In the skew segmentation model, 7 segments across the length
and 4 segments across the height are used. In the rectangular model, the number of
divisions are 8 for the length and 5 for the height. As can be seen from Figures 4.4
and 4.5, the two computations agree very well, the largest difference between the two
being about 1 dB. Considering that all four sides are approximated with unequal-size
rectangular modeling and the fact that there is only one edge in the actual LTSA
geometry, which is approximated in this manner, it is concluded that the accuracy

would be even better in that case.
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Figure 4.3: Antenna configurations a) LTSA positioning, b) Standard gain antenna
positioning.
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Figure 4.4: Comparison of E-Plane radiation patterns for skew-plate and unequal-size
rectangular modeling (L = 1.000, H = 0.5)0, Wy = 0.004A, & = 5 degrees).
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Figure 4.5: Comparison of H-Plane radiation patterns for skew-plate and unequal-size
rectangular modeling (L = 1.0A0, H = 0.5A0, W; = 0.004)p, & =5 degrees).
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The convergence of the unequal size rectangular sectioning model is usually ob-
tained using 6 to 7 segments per wavelength across the length and 4 to 5 segments per
wavelength across the height of the LTSA. The number of segments required across
the length is larger because the unequal-size rectangular sectioning is more sensitive
to segmentation across the length. Figures 4.6 and 4.7 show the radiation pattern
comparison for two different segmentations in the E and H planes, respectively, of
a skew-plate antenna with parameters L = 52X, H = 0.9X, Wy = 0.06) and

a = Tdeg. The data represented by solid lines in these figures are obtained by

-10 |
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Figure 4.6: E-Plane radiation pattern for a skew-plate antenna with two different
segmentation (L = 5.200, H = 0.92¢, W; = 0.06)0, @ = 7 degrees).

using 30 segments across the length and 6 segments across the height, whereas the

dotted lines are obtained using 35 and 7 segments across the length and the height,
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Figure 4.7: H-Plane radiation pattern for a skew-plate antenna with two different
segmentation (L = 5.2X, H = 0.9, Wy = 0.06X, a = 7 degrees).

respectively. As can be seen from the figures, the analysis results are very close to
each other until 150 degrees. The effect of the difference in segmentation is observed
only after 150 degrees, displaying the good convergence behavior of the algorithm.
The parameters of this antenna are chosen the same as that analyzed in [10, 5). The
results of Figures 4.6 and 4.7 agree very well with those reported in [10].

The ultimate test on any electromagnetic modeling code is done by calculating the
near fields at the conducting boundary and in the dielectric region and checking the
calculations for the satisfaction of the boundary conditions [17]. The cost of this test
is the same as the solution of the MoM matrix equation and hence is not practical
for large problem sizes. However, an casier approach to test the near-field behavior

of & code is to calculate the current distribution on/in the structure and check it for
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abnormalities in the amplitude and phase. This approach is used in this work to test
the near-field performance of the code. Figures 4.8 to 4.11 show the magnitude and

phase plots of the current on a LTSA with L = 5.2, H = 1.5X0, Wy = 0.06), and

a = Tdeg.
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Figure 4.8: Magnitude of antenna current along z = 0.75X0. — : Jay-- - ¢ Je.

Figures 4.8 and 4.9 show the magnitude and phase variation of the z and z com-
ponents of the antenna current along a horizontal (2) cut at 0.75X, away from the
lower antenna edge. Figures 4.10 and 4.11 gives the same components for horizontal
() cut at 2.53) away from the antenna edge. The traveling wave nature of the z
component of the current is evident in Figures 4.8 and 4.9, and both the amplitude

and the phase are free of abnormal behavior. The current displays a standing wave
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Figure 4.10: Magnitude of antenna current along z = 2.53%. —: Jsy---: Jo.
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Figure 4.11: Phase of antenna current along z = 2.53X. — : Jy, - - - ¢ Je-
nature in z direction, as shown in Figures 4.10 and 4.11. This should be expected
because the antenna height is small (1.5X) and the current bounces back and forth
between the two edges of the antenna.

Computed results are also verified by experimentation. For this purpose, two
antennas are built and measurements are taken in E, H and D planes. The first an-
tenna is intended to check the air LTSA results and was built using 5-mil brass sheet
and supported using styrofoam which has a permittivity (1.05), very close to that of
free-space. Microstripline to slotline transition is used in the feeding section of the
antenna which extends 0.5)o, where Ao is the wavelength at the operating frequency
of 9 GHz. The feeding part of the antenna is designed using 31-mil, ¢, = 2.33, Duroid

substrate. The substrate is terminated abruptly at the apex of the antenna, where
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the taper starts. The guidelines given in [50] are used to design the microstripline to
slotline transition which resulted in slotline impedance of 138.2(} and microstripline
impedance of 1200. This slotline impedance is achieved with W; = 0.659 mm
(0.01977X, at 9 GHz). The wavelength in the slotline is 2.88 cm (0.864)), whereas the
microstripline wavelength is 2.4793 cm (0.74379X0). The width of the microstripline
for 1209 characteristic impedance is found as 0.4171 mm (0.01251)). In order to
match the microstripline to the 500 output impedance of the test equipment, a quar-
ter wave impedance transformer is designed at the center frequency of 9 GHz. The
final design is shown in Figure 4.12, where H = 1.5)g, L; = 0.5, z80 = 0.2161,,

¢ = 0.01251), d = 0.03392), € = 0.0679o, f = 0.63221),, and g = 0.45.

r— xs0 —> :
_ 1
A A= [A /4
IZ-Z=-ZZZ--c-Z-Z:Z :::::::::;Wf
T — C j—

e

lq

Figure 4.12: Feed design of the test antenna
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The comparison between computation and measurement for co-polar E and H
plane radiation patterns is given in Figure 4.13. Figure 4.14 shows the comparison
for the co-polar and cross-polar radiation patterns in D plane. In the computation
the dielectric support at the feeding part of the antenna is modeled rigorously. The
microstripline feed is modeled using only 120§} characteristic impedance line extend-
ing to the edge of the antenna. In the numerical model 48 segments across the length
and 6 segments across the height of the conductor are used. The microstripline is
modeled by 17 segments, resulting in 1059 conductor unknowns. The dielectric seg-
ments across length, width, and height are 4, 34 and 1, respectively, which give 408
dielectric current unknowns. The solution time for this case was 2062 CPU seconds

on CRAY Y-MP.
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Figure 4.13: Measured and computed co-polar radiation patterns for LTSA in air
(L = 5.5X, Li = 0.5X0, H = 1.540, Wy = 0.02)0, a = 7 degrees).
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Figure 4.14: Measured and computed co-polar and cross polar D-Plane radiation
pattern for LTSA in air (L = 5.5A0, L; = 0.5X0, H = 1.5X0, W5 = 0.02X, a = 7
degrees).

As can be seen from Figures 4.13 and 4.14, quite good agreement is obtained
between the computed results and measured data. The computed pattern predicts the
main beam and the first side lobe level correctly. The pattern shapes also agree well.
Slight discrepancies between the two is thought to be resulting from the alignment
errors during the manufacturing of the test antenna and from the effect of the adhesive
ased to attach the antenna to the styrofoam. The difference between the cross-polar
measured and calculated data below -90 degrees results from the use of an absorber
piece over the source region during the measurements. However, the maximum cross
polarization level and the cross polarized pattern is predicted correctly by the code

until this angle. The effect of the absorber is negligible for the co-polar measurements,
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which leads to the good agreement for this part of the comparison.

The second test antenna is built using a 31-mil thick, e, = 2.33 Duroid substrate,
and is used to evaluate the dielectric LTSA calculations. This antenna has the same
feed design values as the air LTSA test antenna. Figures 4.15 and 4.16 show the
comparison for the E and H plane co-polar radiation patterns and co-polar and
cross-polar radiation patterns for the D plane , respectively. The computed patterns
for this case is obtained using 36 segments in length and 6 segments in height for the
conductor parts, 17 segments for the microstripline, 40 segments in length, 1 segment
in height and 24 segments in width for the dielectric region. The total number of
unknowns is 3541 of which 661 is the conductor unknowns. The solution time for this
case was 2766 CPU seconds on CRAY Y-MP.

A very good agreement is observed between the computed and measured data for
this case. The code predicts the shape and the amplitudes of the radiation patterns
accurately for this antenna as well. Actually, the agreement is better for this antenna
since the dielectric support of the antenna extends through the whole length of the
antenna. In the air case test antenna, the dielectric support is terminated in the feed
section and hence the diffraction from the dielectric edge can be appreciable and is
not handled by the code due to choice of the basis functions in the dielectric. Also,
the slight discrepancies after 150 degrees in dielectric LTSA comparisons is again
attributed to the use of an absorber block in the measurements over the input section

of the antenna which is not modeled by the code.
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Figure 4.15: Measured and computed co-polar E and H-Plane radiation patterns for
a dielectric LTSA (e, = 2.33, d = 0.02362), L = 5.5X0, L; = 0.5X, H = 1.5A,,

W; = 0.02), a = 7 degrees).
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Figure 4.16: Measured and computed co-polar and cross-polar D-Plane radiation
patterns for a dielectric LTSA (e, = 2.33, d = 0.02362)0, L = 5.5X0, L; = 0.5,

H =1.5X, W; =0.02),a=17 degrees).
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The comparisons with available data in the literature and with experimental data
that is presented in this section leads to the conclusion that the theoretical model and
the code can predict the radiation characteristics of air or dielectric linearly tapered

slot antennas with reasonable accuracy.

4.3 Computed Results for Air Tapered Slot Antennas

In this section, computed results for air LTSA’s will be presented. In [4], Janaswamy
has observed that as the antenna height is decreased for fixed length and taper an-
gle, better radiation patterns are achievable. In order to address this question, a
parametric study of air LTSA’s is planned and carried out. Since the behavior of
the dielectric LTSA is quite similar to the air LTSA, conclusions drawn for the air
LTSA can also be applied to the dielectric LTSA. In the parametric study, the apex
width, Wy, of the LTSA is chosen as 2 mm (0.06) at 9 GHz) and the antennas are
assumed to be in the receiving mode with a diode soldered at the apex. The diode
is modeled by a strip dipole of width 0.02) and length 0.2A. Three levels for each of
the parameters L, H and a are chosen. The levels for a are 5deg, 7deg and 9deg.
H assumes the values of A, 1.5A and 2), whereas L varies as A, 3\ and 5A. The
analysis is valid for any frequency provided that all dimensions are the same used in
the analysis in terms of the wavelength. These three levels for a, H and L resulted

in 27 numerical experiments. Co-polar radiation patterns in E, H and D planes and
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cross-polar radiation patterns in D plane are computed for all experiments. Table 4.1
shows the experiments and the corresponding calculated figures of merit. The figures

of merit used in Table 4.1 are:

1. EBW: 3-dB beamwidth in the co-polar E-Plane radiation pattern,
2. ESL: First sidelobe level in the E-Plane radiation pattern,
3. HBW: 3-dB beamwidth in the co-polar H-Plane radiation pattern,
4. HSL: First sidelobe level in the H-Plane radiation pattern,
5. DBW: 3-dB beamwidth in the co-polar D-Plane radiation pattern,
6. DSL: First sidelobe level in the D-Plane radiation pattern,

7. DXL: Peak cross-polarization level in the D-Plane radiation pattern.

Since the antenna and the receiving strip dipole are symmetric about the plane
z = 0, the cross polarization is theoretically zero (—oodB ), in the E and H planes of
the antenna. This fact is also verified in the calculations. Considering Table 4.1, the

following observations are made:

o As H decreases for a fixed L and a, EBW first decreases and then starts to in-
crease again. ESL also behaves in the same manner. However, HBW increases
steadily whereas HSL decreases. The D-Plane radiation pattern follows the

same trend as the E-Plane with first decreasing then increasing DBW and
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Table 4.1: Results for the air LTSA study

[Exp. No[L] H[a[EBW] "ESL]HBW| HSL|DBW | DSL [ DXL |

1]5] 2[9] 32.0([-11.41] 41.2] -5.81| 38.7(-7.66[-2.98
25| 2[7]34.84]|-14.02] 41.0] -6.06 | 40.44|-6.72|-2.28
35| 2|5]38.72|-15.08| 42.0] -6.49] 42.58|-5.84-1.37
4|5(1.5]9| 18.6(-14.05] 48.4]-10.07] 24.86|-9.76|-6.54
515(1.5] 7| 20.0[-14.97| 48.36]-10.35] 26.28 | -8.66 | -5.57
615(1.5] 5] 20.84]-12.20| 48.52[-10.65] 27.2]-7.60)-4.95
715(1.0[9| 32.9(-11.52] 65.0]-20.38] 36.24|-6.01|-4.18
8(5/1.0] 7| 34.5(-15.62] 61.84[-19.64] 36.36-5.29|-3.91
9/511.0| 5| 40.9(-13.05] 64.64]-20.07 | 38.96 | -4.86 | -3.28
*10(3] 2(9( 43.2|-12.50| 52.2] -5.63| 52.1]|-7.52|-2.38
*11|3| 27| 44.0| -11.4] 53.12] -5.62| 52.40|-6.82]-2.00
*12(3| 2[5| 45.0 -9.26| 54.2| -5.45]| 52.62|-6.51}-1.86
13(3[1.5| 9] 26.0| -4.31| 59.24] -6.64 | 35.74 |-5.93 | -2.97
14|3(1.5|7| 26.5| -4.10 53.96] -7.19| 34.1|-6.26|-3.38
151311.6]5] 25.12 -3.79] 54.0| -7.21[ 33.0]-5.77|-3.04
16|311.0| 9| 38.2|-12.31| 71.22[-17.47] 44.2]-5.88|-4.72
1713(1.0| 7| 41.6(-10.02] 72.2][-18.42] 46.1(-4.75]|-4.17
18|3|1.0| 5| 453 -7.7| 73.4[-17.31] 48.0|-3.93]|-3.73
¥+ 19(1(2.0] 9| 101.4| -2.87] 87.2| -6.48] 72.0(-3.94 0
¥¥90(1(2.0]7]100.6] -2.48] 86.0] -5.79]| 71.4|-3.67 0
¥+91|1]2.0(5]1000 -2.08] 84.6| -5.05| 71.0(-3.38 0
**920|1[1.5|9] 95.6] -2.45| 98.5| -3.78] 94.0|-3.21 0
**93|1(1.5]7| 950 -1.909| 92.4] -3.20| 93.0}-2.92 0
**94(1(1.5|5| 94.0| -1.54] 87.0] -2.56| 91.6(-2.63 0
*+95|1/1.0]9| 81.5| -2.49] 80.4| -3.66| 96.2]|-5.13 0
**96(1]1.0|7| 810 -2.03] 79.5] -3.25| 95.6|-4.76 0
**97|1|1.0(5| 80.4| -1.565] 78.8| -2.78| 93.8|-4.37 0

DSL. The peak cross polarization level in the D-Plane behaves differently for
antennas of different length. For L = 5), DXL first decreases then starts to
increase, however, for L < 3) it steadily decreases as H decreases. Figures 4.17

and 4.18 display these behaviors. The experiment numbers of Table 4.1 are
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Figure 4.17: Variation of E and H-Plane patterns of LTSA’s with H.

used to identify the data in these figures.
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Figure 4.18: Variation of D-Plane pattern of LTSA’s with H.
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e As a decreases, EBW increases. ESL decreases slightly for L = 5A. For
shorter antennas, EBW remains nearly the same, however ESL increases. The
H-Plane of the antenna is not as sensitive to variation in a, the main beam
and sidelobe levels and the shape remain nearly the same, while lobe locations
change slightly. Only for H = A and L = 5), a slight decrease of HBW is
observed with decreasing . DBW, DSL and DXL increase with decreasing a,

the largest deviation in DXL being for large L. These variations are shown in

Figures 4.19 and 4.20.
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Figure 4.19: Variation of E and H -Plane patterns of LTSA’s with a.

e As L increases, the antenna behaves as expected. All of the 3 dB beamwidths

decrease, with decreasing sidelobe levels and peak cross polarization level in D-

62



5 CROSS-POLAR . . CO-POLAR

E (dB)

I i ' i I Il I 1 A i

S
18015012090 -60 -30 0 30 60 90 120150180

ANGLE OFF BORESIGHT (DEGREES)
Figure 4.20: Variation of D-Plane pattern of LTSA’s with a.

Plane. However, an interesting behavior is observed for short antennas when
the total height of the antenna is larger than the length. In these cases, the
maximum in the E-Plane radiation pattern is not obtained in the boresight
direction. These cases are marked with * in Table 4.1. For short antennas,
the current does not have the traveling wave nature in x-direction any more.
When individual segment currents in x and z directions are considered for the
LTSA geometry, a similarity to the skewed linear antenna can be a possible
explanation for this behavior. Depending on the included angle, the skewed line
antenna can create a radiation pattern which has a maximum at a direction
other than boresight. When the length of the antenna is further reduced,

maxima of the computed patterns are obtained in the D Plane and in the
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cross polarized direction (cases 19 to 27). This observation is again attributed
to the fact that the radiation due to z directed currents are more important
than x directed currents. These cases are marked with ** in Table 4.1. The

behavior of the antenna as a function of L is demonstrated in Figures 4.21 and

4.22.

(dB)

E_THETA

L J. i A I

_40 i ! A A ' i
-180-150-120-90 -60 -30 0 30 60 90 120150180

ANGLE OFF BORESIGHT (DEGREES)
Figure 4.21: Variation of E and H-Plane patterns of LTSA’s with L.

In general, it is observed that the peak cross polarization level of the antenna is
quite high for the cases considered. However, it is interesting to note that a better
radiation pattern can be obtained by decreasing the antenna height for a fixed L and
a. Another interesting observation is that somewhat better antenna characteristics

can still be obtained for short antennas (L = A, for example) by keeping the antenna
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Figure 4.22: Variation of D-Plane pattern of LTSA’s with L.

height small as well. This way, although the sidelobe levels and the cross polarization
level are not as small as one can obtain from a longer antenna, the maximum is
still attained in the boresight direction in the E-Plane. For array applications, this
might be a useful design criterion since the sidelobe and cross polarization levels and

beamwidth heavily depend on the array factor of the structure as well.

4.4 Computed Results for Dielectric Tapered Slot Anten-

nas

In this section, sample results for dielectric LTSA’s will be given. In order to in-

vestigate the effect of the dielectric permittivity, the same antenna geometry with a
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receiving diode is computed with three different permittivities of the dielectric sup-

port. The results with the antenna parameters are given in Figures 4.23 and 4.24.

It is seen that, as the permittivity increases the E and H-Plane pattern sidelobe

E_THETA (dB)
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Figure 4.23: Variation of the E-Plane pattern for LTSA’s with ¢,. A:e, = 2.33,
B:¢, = 4.0, C: ¢, = 5.0 (L = 2.0A, H = 0.4X, Wy = 0.01), d = 0.03), a =5

degrees).

levels increase. The 3 dB beamwidth in the E-Plane remains essentially the same
for this particular antenna geometry, whereas the H-Plane pattern beamwidth de-
creases. This should be expected since a higher percentage of the radiated power is
trapped in the dielectric region of the antenna as the permittivity increases. Also,
with increasing permittivity, the H-Plane pattern becomes more asymmetrical.

The analysis of the antenna of Figure 4.23 with €, = 2.33 with changing dielectric

thickness is shown in Figures 4.25 and 4.26. The same kind of behavior is observed
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Figure 4.24: Variation of the H-Plane pattern for LTSA’s with e,. Aze, = 2.33,
B:e, = 4.0, C:e, = 5.0 (L = 2.0, H = 0.4, W; = 0.01X, d = 0.03), a = 5

degrees).
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Figure 4.25: Variation of the E-Plane pattern for LTSA’s with dielectric thickness,
d. A:d = 0.02)g, B:d = 0.06), C:d = 0.1) (e, = 2.33, L = 2.0)0, H = 0.4),

W; =0.01x, =5 degrees).
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Figure 4.26: Variation of the H-Plane pattern for LTSA’s with dielectric thickness,
4 A:d = 0.02), B:d = 0.06), C: d = 0.1} (& = 2.33, L = 2.040, H = 0.4,
W; = 0.01), a = 5 degrees).

with increasing dielectric thickness as with the increasing permittivity. However, in
this case the variation in the sidelobe levels is not so large, & fact resulting from the
small value of ¢,. To demonstrate this effect, a high permittivity antenna (e, = 9.8)
with changing dielectric thickness is analyzed and the results are shown in Figures 4.27
and 4.28. In this case, the effects are much more pronounced than the low permittivity

case of Figures 4.25 and 4.26. These observations follow those reported in [4].
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Figure 4.27: Variation of the E-Plane pattern for LTSA’s with dielectric thickness,
d, high e, case. A:d = 0.02), B:d = 0.04Xo (& = 9.8, L = 1.05X0, H = 0.38)0,
W; = 0.004), a = 5.7 degrees).
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Figure 4.28: Variation of the H-Plane pattern for LTSA’s with dielectric thickness,
d, high e, case. A:d = 0.02Xg, B: d = 0.04Xo (- = 9.8, L = 1.05)0, H = 0.38X,,
W; = 0.004Xo, a = 5.7 degrees).

69



CHAPTER 5

COMPUTER CODE AND PERFORMANCE

5.1 Code

The block diagram of the code is shown in Figure 5.1. In the main program, struc,
the geometry of the antenna is entered and the type of feeding is chosen. Subrou-
tine mom calls the impedance matrix filling subroutines filce, filed, fildc and fildd.
These calculate the conductor-conductor, conductor-dielectric, dielectric-conductor
and dielectric-dielectric interactions respectively. filvlt calculates the right hand side
vector of the MoM matrix equation (2.22). The matrix equation is solved by the
cgrad routine which utilizes the conjugate gradient method of Chapter 3. Organiza-
tion of the input and output files of the code and the listings of the routines can be

found in the appendix (under separate cover).

5.2 CPU Time and Memory Requirements

Since large matrices result in the analysis, the performance of the code is optimized by

both approximations in the calculations and by vectorization. The final version of the
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Figure 5.1: Block Diagram of the Code

code is adapted to and run on CRAY Y-MP of the North Carolina Supercomputing
Center. The cost analysis of the code is carried out in order to estimate the necessary

run times. For N conductor current unknowns and M dielectric polarization current
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density unknowns, the matrix filling cost (FC) is given by
FC = O(N)n + O(NM)n + O(NM)nm + O(M)s Flops (5.1)

where n is the number of integration points, m is the number of subdivisions used
in the computation of the dielectric-conductor interaction submatrix and s is the
number of divisions used in the dielectric to dielectric interaction approximations. It
is seen from (5.1) that FC is linearly proportional to (N + M), the total number of

unknowns.

The solution cost (SC) is given a

(N+ M)}

SC < Flops . (5.2)

As mentioned earlier in Section 3.8, (N + M)3/3 is the upper limit of SC. For most
of the cases analyzed using the code, SC was much smaller than this limit because
of the dominant diagonal of the resulting MoM matrix.

The performance of the code is monitored and enhanced throughout the work.
Figure 5.2 shows the matrix fill time and the solution time of the code on Vector
Alliant FX-40. The filling time increases linearly as predicted by (5.1), whereas
the solution time increases faster, dominating the CPU time usage after about 400
unknowns. Figure 5.3 shows the comparison for the same cases analyzed using Alliant
FX-40 and CRAY Y-MP. The big difference in the total run times in this figure

results from the vectorization of the code and the high speed of the CRAY Y-MP
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Figure 5.2: Matrix fill-time and solve time on Alliant FX-40 for air LTSA’s

supercomputer. Another influencing factor is that the CRAY Y-MP is an actual
memory machine, so that no time is lost for array reading and writing to and from
the disk. Figure 5.4 shows the total run time as a function of number of unknowns for
the dielectric LTSA’s. All of these cases were calculated on the CRAY Y-MP because
of the large CPU time that would be required otherwise. Here, it is worthwhile to
note that the vectorization of the solution part of the code resulted in nearly linear
behavior of the computation time instead of a higher power close to 3.

The limiting value of the number of unknowns in the method is set to be about
N + M = 5000, where in a typical analysis N = 1000, and M = 4000. The run time
memory requirement for this limit is approximately 26 MWords. All cases analyzed

using the code resulted in less number of unknowns than 5000, and hence less mem-
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Figure 5.4: CPU time on CRAY Y-MP for dielectric LTSA’s
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ory requirement. The largest case that is analyzed using the code is the experimental
dielectric LTSA of Chapter 4, which resulted in about 4000 unknowns. For higher
permittivity dielectrics than that was used in the experiment, (¢, = 2.33), one would
need more subdivisions in the dielectric. This, in turn, would reduce the solvable
antenna dimensions. Therefore, as the permittivity increases, smaller antennas can
be analyzed accurately with the code. Also, increasing the dielectric thickness would
have the same effect since more segments than one would be needed across the thick-
ness (y direction) of the dielectric. However, these statements are valid for current
computational abilities and with the future developments in computer technology the

solution of bigger problems with similar methods will be possible and less costly.
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CHAPTER 6

CONCLUSIONS AND SUGGESTIONS FOR FUTURE

WORK

In this work, a Method of Moments model for the analysis of the Linearly Tapered
Slot Antenna is developed. The conducting parts of the antenna, including the feed
section, are approximated closely for the first time. The finite dielectric region is
modeled rigorously by including the equivalent volume polarization current density
as an unknown in the formulation. The use of Schelkunoff’s equivalence principle for
the conducting region, together with the total field equality principle in the dielectric
region, renders the problem into one which can be solved in free-space. As a result of
this, the use of the particular Green’s function and the associated approximations are
avoided. The expansion functions are piecewise sinusoidal functions and unit pulses
for conductor and dielectric regions respectively. Conductor basis functions are also
used in the testing of the IE leading to a Galerkin type formulation for the conductor
parts of the antenna. In the dielectric region, point matching is chosen to simplify
the analysis.

The model is incorporated into a MoM code which can analyze LTSA’s in air or
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on a dielectric substrate, with a detector diode at the apex, or with a microstripline-
to-slotline transition in the feed section. The code results are compared favorably
to measurements and to available data in the literature. In order to check the ap-
proximation of the antenna taper by unequal size rectangular sectioning, the model is
extended to analyze the skew-plate antenna and the results are favorably compared
to a skew-segmentation model developed in this work. The variation of the radiation
pattern with changing antenna parameters is investigated for the air TSA and the
results are tabulated. It is observed that, narrower E-Plane beamwidths can be ob-
tained as the antenna height, H, is reduced. Another important observation is that
somewhat better antenna characteristics can be obtained for short antennas (small
L), by reducing the antenna height (H) as well.

Since the matrix filling part of the MoM analysis is a major computational task,
the computation time is reduced through the use of symmetry and the derivation
of new simpler formulas for the mutual impedances of the perpendicular and par-
allel coplanar sinusoidal surface monopoles. Furthermore, the speed of the code is
enhanced with vectorization of the matrix solution part of the algorithm, which em-
ploys a conjugate gradient iteration.

The model predicts the radiation characteristics of the LTSA with good accuracy.
The unequal size rectangular sectioning scheme is a suitable approach converging
‘to correct results by using approximately six segments per wavelength across the

length and four to five segments per wavelength across the height of the antenna.
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The computation times are realizable even for the largest antenna analyzed. The
largest CPU time that is consumed by the code was about 2400 CPU seconds for
202 air antenna, whereas the largest dielectric supported antenna (15A3) analysis
consumed 3700 CPU seconds on CRAY Y-MP. Solvable problem size reduces with
increasing dielectric permittivity, since more segments are required in the dielectric

region because of the reduced slotline wavelength.

Suggestions for future work can be stated as:

o The CPU time requirements of the code can further be reduced by employing
a table look-up algorithm in the matrix filling part of the code. This will also

allow solution of larger structures.

e Another extension which can make possible the analysis of even larger prob-
lems is the employment of inhomogeneous sectioning for different parts of the
antenna. The rectangular sectioning used in this work is homogeneous in the
gense that the grid lines are equidistant. This approach is very simple and easy
to implement as a computer code in terms of the identification of currents and
the symmetry search for the impedance matrix calculations. However, not all
parts of the antenna require the same grid for the same accuracy. For example,
in the feed part of a microstripline fed antenna, more sections are required for
both conductor and dielectric regions since the field is varying rapidly. Selution

accuracy in this part of the antenna has a more important effect on the overall
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solution compared to the sections farther away in the tapered region, since the
wavelength in the slotline becomes larger. The same considerations also apply
to the segments right near the taper and away from it. Therefore, the use of
smaller sections in the feed part of the antenna and in the regions neighboring
the taper, and larger sections elsewhere will yield smaller matrix sizes com-
pared to homogeneous sectioning. However, the effect of this approach on the

overall impedance matrix filling time should be studied.

Only LTSA’s are considered in this work. However, the developed model can
be extended to handle other antenna structures as well. A natural extension of
this work would be to analyze exponentially tapered slot antennas which have
similar characteristics to the LTSA. A comparison between the two antennas
with a parametric study (such as the one carried out in this work) would be very
useful to the designers in the field. In particular, the cross-polarization level
comparison can be very important, since the cross-polarization of the LTSA
is quite high. Another modified structure of interest is a bi-slotline antenna
which consists of two conducting sheets each having the same geometry as the
single TSA, separated by a dielectric stub. This antenna can also be fed by
a microstripline-to-bi-slotline transition. However, since the microstrip feed
is contained in the structure, better sidelobe and and cross-polarization levels

can be obtained.
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o Finally, with further modifications, the code can be specialized to other an-
tenna types such as printed bi-conical antennas (provided that the antenna

edges make small angles), and microstrip antennas.
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A.1 Introduction

In this part, the preparation of the executable program of the MoM code written
for the analysis of LTSA’s is explained. The preparation of the input files with
explanation of the input variables are described. The code listing is also included for
easy reference in Section A.5.

The code described here is compatible with Unicos 6.0 Fortran 77, which is sup-
ported by CRAY Y-MP of the North Carolina Supercomputing Center. However,

language extensions are avoided to make transition to other systems easy.

A.2 Preparation of ltsa

In order to prepare the executable, all of the routines included in the makefile (See

Section A.5) should be placed in one directory. Entering the command
make

in the same directory prepares and maintains the executable program. This method
is also suitable for further modifications and development of the code because of the

easiness of the maintenance.

A.3 Running ltsa and pattern programs

After the executable program is prepared, the preparation of input file has to be
carried out which is explained in the next section. With an input file inp, and a
desired output file out, the program is run by directing the default input and output

to the files as follows:
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Itsa < inp > out

At the end of execution, the program writes the unprepared data (unformatted se-
quential output is used to save CPU time) to the file out. Before the pattern
calculation programs pattern and patdd can be run, this data should be organized
using the organization program org. This program uses the file out as its input
and generates the files cur and dat. The file cur contains the current densities for
the conductor and the dielectric regions, whereas dat contains the segmentation data
and other input variables which have to be carried to the pattern programs for the

completion of the analysis. The program org is run with the following command.
org < out

The patiern programs are written in interactive fashion, that is, the user is re-
quired to enter the names of the input and output files and the number of data points

in pattern calculations.

A.4 Input File Organization and Variables

The organization of the input file is as follows,

figair, flgdip, flgms
w, wi, lo

ki, Is, Issc
flang, ncw, mi

lsc, wsc

xd0, lend, hghd, er
nld, nwd, nhd

wq, If, nf

No special formatting is required for the data, it is entered in free format. All

lengths are required in terms of the free space wavelength at the frequency of oper-
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ation. The descriptions of the input variables are given below. Whenever a variable
is not applicable for the required analysis zero should be entered in its place unless

otherwise stated.

Input Line 1

figair, filgdip and figms determine the antenna type that will be analyzed. Different

feeding options are also possible. The following are the currently available options.

o figair=1, fligdip=1, figms=0.
This choice of variables results in an analysis of air LTSA, with a receiver

diode soldered at the apex

o figair=0, figdip=1, figms=0
This set is used for dielectric LTSA’s with a receiver diode at the apex.

o flgair=0, figdip=0, flgms=0
This set corresponds to dielectric LTSA’s with an input transition part
consisting of a microstripline to slotline transition. However, the microstripline
is modeled by an infinitesimal current element for this choice of variables. This
source modeling gives accurate results in the E and H plane of the antenna
and for the D plane copolar radiation pattern. It cannot predict the correct
cross polarization level though, since its choice results in a symmetric structure

about x=0 (See Chapter 4).

o flgair=0, figdip=0, igms=1
This set is used in the analysis of dielectric LTSA’s with microstripline

transition. In this case the microstripline current is also included among the

unknowns.
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Input Line 2

e w: wis the height of the antenna (H) in the other parts of the report.

o wi: Apex width of the antenna. In other words, wf is the slotline width where

the antenna taper starts.

e lo: Length of the tapered part of the antenna.

Input Line 8

o li: Length of the feeding section of the antenna, not applicable when flgdip=1.

o Is: Is is the distance of source from the apex. For microstripline it is measured

from the center of the microstripline. Not applicable when flgdip=1.

e lssc: lssc is the distance of source from the slotline short circuit. For mi-
crostripline it is measured from the slot short circuit edge to the microstripline

edge. Not applicable when flgdip=1.

Input Line 4

o flang: Half taper angle of the LTSA in degrees.

e ncw: Number of segments across the height of the antenna for the conductor
parts. Note that H measures the height of only one plate of the antenna, not
the total height.

e mi: Number of segments across the length of the antenna when flgdip=1.
When figair=0, figdip=0, it becomes the number of segments across the feeding
section of the antenna. The number of segments in the tapered part for this

case is calculated in the program using this variable.
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Input Line 5

o lsc : half length of the receiving diode when flgdip=1. When flgair=0 and
figdip=0, it is the half length of the slotline short circuit current flowing be-

tween the lower and upper plates of the antenna.

o wsc: Half width of the receiving diode when figdip=1, enter 0 otherwise.

Input Line 6

o xd0: Distance between the conductor edge and the dielectric edge in x direction

if the two does not extend the same length. It is measured as (Zdiclectric —

3eonduc¢m-)-
¢ lend: Length of the dielectric in x direction.
o hghd: Thickness of the dielectric region (y direction).

e er: Relative permittivity of the dielectric substrate.

Input Line 7

e nld: Number of segments in x direction for the dielectric substrate.
o nwd: Number of segments for the total width of the dielectric substrate.

e nhd: Number of segments across the thickness for the dielectric region. Cur-
rently the approximations in the code is written for nhd=1 case. Therefore,

nhd=1 should be entered in the input file.
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Input Line 8

e wq: Width of the microstripline, not applicable when flgms=0.
o If: Length of the microstripline, not applicable when flgms=0.

o nf: Number of segments along the microstrip, not applicable when flgms=0.

(nf=1 results after the execution when figms=0, to account for the receiving

diode.)

In the next section, the listings of the routines used in this work will be given.

Explanation of the function of each routine is given at the beginning of the routines.
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A5

0BJS=

ltsa:

Listing of Programs

MAKEFILE

mom.o struc.o fillcc.o filvlt.o decide.o par.o orthog.o \
filled.o filldc.o filldd.o zxx.0 ZXy.0 ZXZ.0 ZYy.0 ZyZ.0 \
zzz.o zcdxx.o zcdxy.o zedxz.o zedzx.o zedzy.o zcdzz.o \
zdexy.o zdcxz.o zdczx.o zdczy.o zdczz.o zdexx.o \
gaus24.o gaus6.o gausé.o gaus2.0 symxx.o SymXy.o SymMXZ.o \
symyy.o symyz.o symzz.o partot.o ortot.o parf.o orf.o \
parftot.o orftot.o filvltn.o

$(0BJS) cgrad.o

cf77 $(0BJS) cgrad.o -o tsav

struc.
mom.oQ:
cgrad.

ct77

o: struc.f

mom.

o: cgrad.f

-2v -c -Wf"-em" cgrad.f

filvlt.o: filvlt.f

parftot.o: parftot.f
orthog.o: orthog.f

orf.o: orf.f
ortot.o: ortot.f
orftot.o: orftot.f
zxx.o0: zxx.1
zxy.o: zxy.f
zxz.0: zxz.f
zyy.o: zyy.f
zyz.o: zyz.f
zzz.0: zz2.%
zcdxx.o: zcdxx.f
zcdxy.o: zcdxy.f
zcdxz.o: zcdxz.f
zcdzx.o: zcdzx.f
zcdzy.o: zcdzy.f
zcdzz.o: zcdzz.f
zdcxx.o: zdcxx.f
zdexy.o: zdexy.f
zdcxz.o: zdexz.f
zdczx.o: zdczx.f
zdczy.o: zdczy.f
zdczz.o: zdczz.f
gaus24.0: gaus24.f
gausé.o: gaus6.f
gaus4.o: gaus4d.f
gaus2.o0: gaus2.f
symxx.o: symxx.f
symxy.o: symxy.f
symxz.o: symxz.f
symyy.o: symyy.f
symyz.o: symyz.f
symzz.o: symzz.f
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program struc main
Teal 1ngth,wdth,wf,pi,ma,oxpo,lcx,wu(2000),hu(2000),

+ lecz,a,b,flang,1s,1i,

+ x80,10,wsc,1ls¢c,1s8c,exr,wq,hf,11,

+ widd, d,1dx,1dy,1ldz,lend,freq,xd0

integer ii,jj, j,nel,ncw,cnt,j,mi,m2,mp,mq,nt,

+ 1in,dum2(2000) ,elnum, cntu,dum(2000) ,mi ,nclo,n,

+ nld,nhd,nwd,olnumd,mdl,md2,tlguir,tlgdip,tlgms
S ccccceccecceeeceeceeeetececeeeccceeeceteecceececCeecceeceeeeeeces
¢  Main program struc reads the input data, makes the c
c segmentation, numbers the unknowns, calculates the sizes of ¢
¢ segments. c
c c
c cu%%s: mom c
gecece CecCeccceeceeecCceecceceeceeececcececeeeeeceecceceeccececcecceeeccee
¢ read the input variables
c

read(6,*) flgeair,flgdip,figms

read(5,*) w,wf,lo

read(6,*) 1li,1s,lssc

read(6,*) lsc,wsc

read(5,*) xd0,lend,hghd,er

read(5,*) nld,nwd,nhd

read(5,*) wq,1f,nf

flgdip=1

f1lgms=0

pi=atan(1.0)*4.0
c
c Antenna is represented by the addition of linear and exp.
c terms; depending on antenna type one of the terms becomes zero
c and the other is used. Only linear taper is analyzed so lin=1
¢

lin=1

if (lin.eq.1i) then

expo=0.0

a=0.0

b=1.0

ma=tan(flang*pi/180.0)

else

a=1.0

ma=0.0

b=0.0

endif

if (flgdip.eq.0) then

lex=1i/(mi)

nclo=int (1lo/lcx)
if ((lo-(nclo)*lcx).gt.(lex/2.0)) nclo=nclo+l
x80=1i-1s
wsc=(x80-18s8c)/2.0
ncl=mit+nclo
Ingth=(ncl)*lcx
else

ncl=mi

lcx=lo/ncl
1ngth=1o

1i=0.0

x80=0.0

mi=

endif
flang=flang*pi/180.0
lcz=wdth/(ncw)
mi=ncl*ncw

mp=2%ncw
mqg=2*ncw+ncl

cnt=1

c
¢ make the segmentation for the lower plate
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do 10 j=1,m1
dum(j)=0
wu(j)=lecx
hu(j)=lcz

call decide to check if segment is in the geometry, if it is
calculate the segment sizes

call decide(j,lngth,wdth,wt,ma,expo,a,b,lcx,lcz,ncl,ncw,
+ dum(j) ,hu(j),cntu,li)
wu(j)=lex

jj=int ((j-1)/ncl)+1
kj=j-(jj-1)*ncl

if (f1gdip.eq.1) then
if (jj.eq.ncw) then

if (kj.eq.(mi+1)) then
dum(j)=1

wu(j)=lex

hu(j)=lez

endif
‘néq P

endif

10 continue
make the segmentation for the lower plate

do 1B j=mi+1,2#*ml
m2=int ( (j-ncl*ncw-1)/ncl)+1
dum(j)=dum(j-(2*m2-1)*ncl)

16 continue
repeat the segmentation again to count the vertical currents

do 17 j=2+mi+1,4*mi
dum(j)=dum(j-2+mi)

17 continue

cntu=cntu-1

pumber the x-directed currents for the lower antenna plate

do 20 j=1i,ml
jj=int((j-1)/ncl)+1
ii=j-(jj-1)*ncl

if (ii.eq.ncl) then
dum2(j)=0

goto 20

endif
if ((dum(j).eq.0).or.(dum(j+1).eq.0)) then
dum2(j)=0

else
dum2(j)=cnt
ent=cnt+1
endi

£
20 continue
number the x-directed currents for the upper antenna plate

do 23 j=m1+1,2#mi
dum2(j)=0

m2=int ((j-m1-1)/ncl)+1
jj=j-(2*m2-1)*ncl

if (dum2(jj) .ne.(0)) then
dum2(j)=cnt

cnt=cnt+1
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endif
23 continue

number the z-directed currents for the lower antenna plate

do 26 j=2#m1+1,3+*ml
dum2(j)=0
jj=int ((j-2*mi-1)/ncl)+1
if (jj.eq.ncw) goto 26
if ((dum(j).eq.0).or.(dum(j+ncl).eq.0)) goto 26
dum2(j)=cnt
cnt=cnt+1
26 continue

number the z-directed currents for the upper antemnna plate

do 27 §=3*m1+1,4*m1
dum2(j)=0

jj=int((j-3*m1-1)/ncl)+1

if (jj.eq.ncw) goto 27

it ((dum(j).eq.0).or.(dum(j+ncl).eq.0)) goto 27
dum2(j)=cnt

cnt=cnt+1

27 continue
cnt=cnt-1
cnt is the number of elements
elnum=cnt
if (flgms.eq.1) then
hf=1f/nft
else
wq=0.0
hf£=0.0
1£=0.0
nf=1
endif
do 29 j=1,nf
dum2(4*mi+j)=elnum+j
29 continue

elnum=elnum+nf
n=elnum

elnumd=0

md1=0

md2=0

if (flgair.eq.1) goto 126

calculate the number of unknowns
for the dielectric part of the antenna

widd=2.0*wdth+wt
md2=md1*nhd
1dx=lend/2nld;
1ldy=hghd/{(nhd
ldz=widd/(nwd)
elnumd=3*md2

c
126 continue
n=elnum+elnumd

c
¢ call the controlling routine -- mom
c

000

anon

onao

[+ NeNe Xe]

call mom(lngth,wdth,!lang,lcz,lcx.wf,hu,wu,xso,wsc,lsc,ncl,

+ ncw,ml,dum,dum?,elnum,n,er,mi,lend,widd, d,nld,
+ nhd,nwd,ldx,1ldy,1dz,elnumd,md1,md2,freq,xd0,
+ flgair,f1gdip,flgms,wq,ht,nf)

end
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cceeceeeceeeceecceecceeececececceececcceceee
Subroutine decide if the segment is inside the geometry, if it

is, it calculates the height and length of it.

subroutine decide (j,lngth,'dth,wt,ma,oxpo,a.b,w,h,n,ncw,

+ dum,hu,cntu,li)

+

real 1ngth.wdth,wf,ma,expo,a,b,w,h,znnti,xci,xc2,

zant2,zci,zc2,hu,li
integer j,jj,ii,n,ncw,dum,cntu

z-directed current source
called by: struc

ceeeeeeccceecececcecce

778

jj=int ((j-1)/n)+1
ii=j-(jj-1)*n
xci=(ii)»w
zel=-((ncw-jj)*h+wt/2.0)
zc2=zci-h

if (xecl.le.li) then
zent1=-w£/2.0

1l
;l;:1=-(a*((wf/2.0)#oxp(oxpo*xc1))+
b (wt/2.0+ma*(xc1-11)))

endif

if (zanti.ge.zcl) dum=1

xc2=(ii-1)»w

if (xc2.le.li) then

zant2=-w1/2.0

else

zant2=-(a*((w£/2.0)*exp(expo*xcl) )+
be(wt/2.0+ma*(xc2-11)))

endif

if (zant2.1lt.zc2) dum=0

it ((zant2.gt.zc2).and.(zant2.le.zc1)) then
if (zantl.ge.zc2) then
hu=((zant2-zc2)+(zant1-z¢c2))/2.0

dum=2

else

hu=( (zant2-zc2)+(zant1-z¢c2))/2.0

if (hu.lt.(-h)) then

write(6,*) ’ Increase ncl or decrease ncw’
goto 776

endif

if (hu.le.(0.0)) then
dum=0

else

dum=g
anal
.n-l
endif

if ((zant2.ge.zc1).and.(zanti.lt.zcl)) then
if (zant1.1lt.zc2) then

write(6,*) ’ increase ncl or decrease ncw’
goto 7756

endif
hu=((zant2-zc1)+(zant1-z¢1))/2.0
if (hu.ge.(0.0)) then

dum=1

hu=h

else

dum=2
hu=h+hu
end- .
.nd- ]
continue

if ((hu.eq.h).and.(dum.eq.2)) dum=1
regyrn

en
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ceceeeceeececeeceecceeceecceeccececcecece

subroutine mom(lngth,wdth,tlnng,lcz,lcx,wt,hu,vu,xlo,vlc,llc,

+ ncl,ncw,k,dnn,dnmz,olnnmc,n,er,mi,

+ lond,widd,hghd,nld,nhd,nwd,lx,1y,lz,01nnmd,

+ md1,md2,freq,xd0,flgair,flgdip,f1gns,vq,ht ,nf)
real xlO,lngth,wdth,tlang.lcz.1cx.wt,wu(2000),de,

+ wsc,1lsc,hu(2000),er,wq,hf,

+ lend,widd,hghd,1lx,1ly,1z,freq

complex vv(n),imp(n,n),cr(n)

integer i,ncw,ncl,k,dun2(2000) ,dum(2000) ,elnumc,n,mi,
+ nld,nhd,nwd,olnnmd,mdi,md2,nn,tlglir,tlgdip,
+ f1gms ,nf

Subroutine mom calls the necessary routines in the program
and outputs the analysis results

called by: struc
calls: filvlt, f£ilvlitn, filcc, filcd, fildc, £ildd, cgrad

if (£1gdip.eq.1) then
do 11 j=1i,n
vv(j)=0.0

continue
vv(elnumec)=1.0

else
if (flgms.eq.0) then
if current element at apex call filvlt
call tilvlt(dnm,dum2,lngth,'dth,hghd,k,ncw,ncl,olnumc,n,lcz,
+ lcx,wt,vv,wu.hn,xso,wsc,lac,olnnmd,mdl,md2,lx,
+ 1ly,1z,xd0,nld)
else
if microstripline feed call filvltn
call 111v1tn(dum,dum2,1ngth,wdth,hghd,k,nct.ncl,olnnmc,n,lcz,
+ lcx,wt,vv,wu,hu,xso,wsc,lsc,olnnmd,mdi,md2,1x,
+ 1y,lz,xd0.nld,'q,hi,n1)
endif
endif

£i11 the conductor-conductor interactions of the imp. matrix

call Iilcc(dum,dum2,lngth,wdth,k,ncw,ncl,elnnmc,lcz,
+ lcx,wt,imp,wu,hu.xlo,wsc,lsc,n,hghd,er,mi,
+ wq,ht,nf)
if (flgair.eq.1) goto 76
£i11 the conductor-dielectric interactions of the imp. matrix
call tilcd(lcx,lcz,lx,ly,lz,imp,dnm,dum2,k,ncl,ncw,nd1,
+ md2,nld,nwd,hghd,wdth,wt,clnmmc,olnnmd,
+ wu,hu,xso,wsc,lsc,n,mi,xdo,wq,hi,ni)

£i11 the dielectric-conductor interactions of the imp. matrix

call tildc(lcx,lcz,lx,ly,lz,imp,dum,dum2,k.ncl,ncw,mdi,
+ md2.nld,nwd,hghd,wdth,vt,olnnmc,elnnmd,
+ wu,hu,xso,wsc,lsc.n,mi,xdo,wq,hi,nt)

£i11 the dielectric-dielectric interactions of the imp. matrix

call f£ildd(1x,ly,1z,imp,nld,nhd,nwd,
+ md1,md2,er,freq,elnumc,n)

76 continue
nu=n
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do 82 i=1,nu
cr(i)=0.0
82 continue

solve the matrix equation using CG method

call cgrnd(imp,vv,n,nn,cr)

oo 000

output the analysis results

111 continue
write(6,*) flgair,flgdip,flgms
write(6,*) ncl,ncw,lngth,wdth,wf k,elnumc
write(6,*) xs0,wsc,lsc,xd0,mi,flang
write(8,*) elnumd,mdi,md2,nld,nhd,nwd, hghd
write(68,*) 1x,ly,lz,freq,er
write(68,*) wq,hf,nf
write(6,*) dum2,dum,wu,hu
write(8,*) cr

344 continne

Teturn
end
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subroutine £ilvlt(dum,dum2, th,wdth,t ,mcl,new,ncl, elnunc,

+ n,lcz,lcx,w ,vv,'u,hu,xlo,vlc,lac,olnumcd,mdl,
+ md2,1x,1y,1z,xd0,nld)

real lngth,wdth,wi,kwf,lcx,lcz,pi,kxso,wi,hi,

+ wu(2000) ,hu(2000) ,i1,i2,x80,

+ vsc,lac,t,kt,lx,ly,lz,xdo,d,hh,l

complex vv(n),z12,z,Ex,Ey,Ez
integer mci,ncw,ncl,xl,xu,yl,yu,ii,jj,i,dum2(2000),
+ elnnmc,dnm(2000),jp,ip,n,mdi,md2,elnnmcd,it.ih,
+ iw,il,nld.j,jxl,jxu,jyl.jyu
CeCCCCCCeCECeeCCeeeeccececcececeeeceeeeeeeeeeeeececececeeceececceeccecccce
Subroutine filvlt computes voltage vector for infinitesimal c
z-directed current source g

called by: mom

c
C
calls: Ef1d, zcdxz, zcdzz c
ccccccccccccccccccccccccccecccccccccccccccccccccccccccccccccccccccc

pi=atan(1.0)*4.0

kwt=2.0+*pisut

Xt=2.0*pist

do 10 j=1,4*mci+i
if (dum2(j).eq.0) goto 10
vv(dum2(j)})=0.0
jx1=0
xu=0
jyl=0
Jyu=0
¢ determine the location of the patch
if ((j.ge.0).and.(j.le.mc1)) jxl=1
it ((j.gt.mci).and.(j.le.(2#mc1))) jxu=1
it ((j.gt.(2*mc1)).and.(j.le.(svmci))) jyl=1
if ((j.gt.(sﬁmci)).and.(j.le.(4*mc1))) jyu=1
z12=0.0

if (jxl.eq.1) then

¢ if x-current in the lower antenna plate calculate
the z field of x directed conductor current to find the
voltage element

3j=int((j-1)/ncl)+1

hi=hu(j+1)*2.0%pi

wi=lex*pi

d=(xso-(j-(jj—l)*ncl)#lcx+1cx/2.0)*2.0#pi

hh=kt
1=(wdth+wf/2.0-(jj-1)*1cz)*2.0*pi
i1=0.0

i2=1.0

cell zcdxz(d,hh,1,w1,h1,i1,i2,2)
fame

QOO0 0000 000

oo

i2=0.0
d=d-lcx*2.0*pi
call zcdxz(d,hh,1,w1,h1,i1,i2,2)
z12=z12+z
vv(dum2(j))=z12%kwi
endif
if (jxu.eq.1) then

c use symmetry
jj=int ((j-mec1-1)/ncl)+1
Jp=j-(2+jj-1)*ncl
vv(dum2(j))=-vv(aum2(jp))
endif

[
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if (j.eq.(4*mci1+1)) then

for the short-circuit calculate z field of z current

wi=wsc#*2.0+pi
hi=lsc*2.0%pi
d=(x80-wsc)#*2.0*pi

hh=kt

1=1sc*2.0*pi

i1=0.0

i2=1.0

call zcdzz(d,hh,l,wi,hi,ii,iz,z)
zig=zéz+z

12=0.0

1=1-h1

call zcdzz{(d,hh,1,wi,h1,i1,12,2)
z12=z12+2

vv(dum2(j))=z12%kwt

endif

if (jyl.eq.1) then

i1 z-current in the lower antenna plate calculate

the z field of z directed conductor current to find the
voltage element

jj=int ((j-2*mci-1)/ncl)+1

jp=j-2*meci

wi=lcx*pi

hi=hu(jp)*2.0%pi
d=(x|0—(jp—(jj—i)*ncl)*lex+1cx/2.0)*2.0*pi

hh=kt

1= (vdth+wt/2.0-(jj-1)*lcz)*2.0%pi
i1=0.0

i2=1.0

call zcdzz(d,hh,1l,%1,h1,i1,i2,2)
z12=z12+z

i1=1.0

i2=0.0

1=1-h1

hi=hu(jp+ncl)*2.0%pi

call zcdzz(d,hh,l,%1,h1,i1,i2,2)
z12=212+2

vv(dum2(j))=z12*kwt

endif

if (jyu.eq.1) then

use symmetry for upper z-currents

jj=int ((j-3*mci-1)/ncl)+1
jp=j-2*jj*ncl
vv(dum2(j))=vv(dum2(jp))
endif

10 continue
continue with the dielectric region

do 27 i=1,md2

it=int ((i-1)/md2)

jh=int ((i-it*md2-1)/mdl)

jw=int ((i-it*md2-ih*md1-1)/nld)
il=i-it*md2-ih*mdi-iw*nld

calculate the location of the diel. curremnt

d=(xd0+(11)*1x-1x/2.0-x80)+2.0%pi
hh=-( (ih)*1y+1y/2.0)%2.0%pi
1=((iw)*1z+1z/2.0-(wdth+w£/2.0))*2.0%pi

calculate the field of the source at the center

call Ef14(Ex,Ey,Ez,d,1,hh,kwf)
vv(i+elnumc)=-Ex
vv(i+elnumc+md2)=-Ey
vv(i+elnumc+2*md2)=-Ez
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27 continue
return
end
subroutine Ef1d(Ex,Ey,Ez,y,z,h,wf)
real c1,c¢2,wf,y,z,kt,c6,h
complex p1,Ex,Ey,Ez,c3,c4
calculates the field of an infinitesimal current element
at the point x=y, y=h, z=z
p1=(0.0,1.0)
c1=60.0%*wt
c2=8qrt (y*+2+z*+2+h**2)
c3=c1/(c2##4)*(1.0-p1/c2)
c4=p1*c1/(2.0%(c2+*3))*(1.0-(p1/c2)-1.0/(c2++2))
Ex={c3+c4)*y*z*cexp(-pl*c2)
Ey=(c3+c4)*h*z*cexp(-pl*c2)
Ez=(c3*z*z-c4*(y*y+h*h))*cexp(-pi*c2)
return
end
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subroutine tilvltn(dum,dum2,1ngth,wdth,t,mc1,ncw,ncl,elnumc,

+ n,lcz,lcx,wt,vv,wu,hu,xlo,wuc,lsc,elnnmcd,mdi,
+ md2,lx,ly,lz,xdo,nld,wq,hi,ni)

real lngth,vdth,wi,kwt,1cx,1cz,pi,kx|0,w1,h1,

+ wu(2000) ,hn(2000) ,i1,i2,x80,wq,hf ,htj,

+ wsc,lsc,t,kt,1x,1y,1z,xd0,d,hh,1

complex vv(n),z12,z,Ex,Ey,Ez
integer mci,ncw,ncl,xl,xu,yl,yu,ii,jj,i,dum2(2000),
+ elnumc,dum(2000),jp,ip,n,md1,md2,elnuncd,it,ih,
+ iw,il,n1d,j,jx1,jxu,jyl,jyu,nf,jfl,kj
CCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCLECCCCCCCCCeeeceeeceeeececceeccecec
Subroutine filvltn computes voltage vector for infinitesimal ¢
y-current source located at feed point of microstripline <

called by: mom

calls: Efldn, zcdxy, zcdz
CCCCCCCCCCCEECCCCCCCCCCCCCCECcecececececececececececcecececeecceeccececced
pi=atan(1.0)*4.0
kwf=2,0%piewt
kt=2.0%pi*t

do 10 j=1,4*mci+nf
if (dum2(j).eq.0) goto 10
vv(dum2(j))=0.0
jx1=0
jxa=0
jyl=0
jyu=0
j£1=0
¢ determine the location of the patch
it ((j.ge.0).and.(j.le.mci)) jxl=1
if ((j.gt.mc1).and.(j.le.(2*mc1))) jxu=1
if ((j.gt.(2+*mc1)).and.(j.le.(3*mc1))) jyl=i
if ((j.gt.(3*mc1)).and.(j.le.(4*mc1))) jyu=1
if ((j.gt.(4*mc1+1)).and.(j.le.(4*mci+nt))) jL1=1
z12=0.0

if (jxl.eq.1) then
¢ if x-current in the lower antenna plate calculate
the y field of x directed conductor current to find the
c voltage element

ji=int((j-1)/ncl)+1

hi=hu(j+1)#2.0*pi

wizlcx*pi

d=(x80-(j-(jj-1)*ncl)*lcx+lcx/2.0)*2.0*pi

hh=kt/2.0

1=-(jj-1)*1lcz*2.0*pi

i1=0.0

i2=1.0

call zcdxy(d,hh,1l,w1,h1,1i1,i2,2)

zl2;zi2+z

[
c
c
[+
[+

A0 000 0Q0

[+]

i2=0,0

d=d-lcx*2.0*pi

call zedxy(d,hh,1,%1,h1,i1,i2,2z)
z12=212+2

vv(dum2(j))=z12#*kt

endif

if (jxu.eq.1) then
¢ if x-current in the upper antenna plate calculate
¢ the y field of x directed conductor current to find the

c
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¢ voltage element, no symmetry in this case
jj=int ((j-mci-1)/ncl)+1
jp=j-(2*jj-1)*ncl
kj=j-me1-(jj-1)*mcl
hi=hu(jp+1)*2.0*pi
wi=lcx*pi
1=-(jj*lcz+wdth+wf-hu(jp+1))*2.0*pi
d=(x80-((kj-1)+0.50)*1lcx)*2.0%pi
hh=kt/2.0
i1=0.0
i2=1.0
call zcdxy(d,hh,1,w1,h1,i1,12,2z)
z12=z12+z
i1=1.0

12=0.0

d=d-icx*2.0%pi

call zcdxy(d,hh,l,wi,h1,ii,i2,z)
zi2=212+2z

vv(dum2(j))=z12+kt

endif

if (j.eq.(4*mci+1)) then

c for the short-circuit calculate y field of z current
wi=wsc*2.0*pi
hi=1lsc*2.0*pi
d=(xs80-wsc)*2.0%pi
hh=kt/2.0
1=-(wdth+wf/2.0-1sc)*2,.0*pi
i1=0.0
12=1.0
call zcdzy(d,hh,1l,%1,h1,i1,i2,2)
z12=z12+2z
i1=1.0
i2=0.0
1=1-hi
call zcdzy(d,hh,l,wi,h1,11,12,z)
z12=z12+2
vv(dum2(j))=z12+kt
endif

c

c
if (jyl.eq.1) then
c
¢ if z-current in the lower antenna plate calculate
¢ the y field of z directed conductor current to find the
¢ voltage element
<
jj=int ((j-2*meci-1)/ncl)+1
jp=j-2*mci
wi=lcx#*pi

hi=hu(jp)*2.0*pi
d=(x80-(jp-(3j-1)*mcl)*lecx+lcx/2.0)*2.0%pi
hh=kt/2.0

1=-(jj-1)*1lcz*2.0*pi

i1=0.0

i2=1.0

call zcdzy(d,hh,l,wi,hi,ii,i2,z)
z12=z12+2

i1=1.90

12=0.0

1=1-ht

hi=hu(jp+ncl)*2.0+pi

call zcdzy(d,hh,1,w1,h1,11,i2,z)
z12=212+2

vv(dum2(j))=z12%kt

endif

if (jyu.eq.1) then
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if z-current in the lower antenna plate calculate
the y field of z directed conductor current to find the
voltage element, no symmetry in this case

jj=int ((j-3*mc1-1)/ncl)+1
kj=j-3*mci-(jj-1)*ncl
jp=j-(2*jj-1)*ncl-2#mcl
wi=lcx#*pi

hi=hu(jp)*2.0%*pi
d=(x80-((kj-1)+0.50)*1cx)*2.0%pi
hh=kt/2.0
1=-(jj*1lcz+wdth+wi-hu(jp))*2.0%pi
i1=0.0

i2=1.0

call zcdzy(d,hh,1,%1,h1,i1,i2,z)
z12=z12+z

11=1.0

i2=0.0

1=1-hi

hizhu(jp-ncl)#*2.0*pi

call zcdzy(d,hh,l,wl.h1,11,12,z)
z12=z12+z

vv(dum2(j))=z12+kt

endif

it (jfl.eq.1) then

if z-current on the microstripline calculate
the y field of z directed conductor current to find the
voltage element

jj=j-4*meci-1
hfj=(jj-1)*ht
wi=wq*pi
hi=hf=»2.0*pi

d=0.0

hh=-kt/2.0

1=-hfj*2.0*pi

i1=0.0

i2=1.0

call zcdzy(d,hh,l,wi,hi,ii,iz,z)
z12=z12+2z

ii=1.0

i2=0.0

1=1-h1

call zcdzy(d,hh,1,w1,h1,11,12,2)
z12=2z12+z

vv(dum2(j))=z12+kt

endif

10 continue

continue with the dielectric region
do 27 i=1,md2
it=int((i-1)/md2)
ih=int ((i-it*md2-1)/md1)
jw=int ( (i-it*md2-ih*md1-1)/nld)
{1=i-it*md2-ih*md1-iwsnld

calculate the location of the diel. current
d=(xd0+{i1)*1x-1x/2.0-x80)*2.0*pi

hh=0.0
1=(iw*lz+1z/2.0)*2.0*pi

calculate the field of the source at the center
call Etldn(Ex,Ey.Ez,d,l,hh,kt)
vv(i+elnumec)=-Ex
vv(i+elnumc+md2)=-Ey
vv(i+elnumc+2+nd2)=-Ez
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27

continue
return
end

subroutine Efldn(Ex,Ey,Ez,x,z,y,kt)
real ci,kt,x,y,z,cx,cy,cz,T
complex p1,Ex,Ey,Ez

calculates the field of an infinitesimal y-current element
at the point x=x, y=y, z=2

p1=(0.0,1.0)

c1=30.0*kt

r=sqrt(x*#2+y*»2+z%*2)

cx=x/T

cy=y/r

cz=z/T
Ex=—p1*c1*cexp(-pl*r)tcx#cy*(-i.0+3.0¢p1/rt(1.o-pi/r))/r
Ey=(1.0-cy**2+4p1/r*(1.0-p1/r)*(3.0%cy**2-1))/r
Ey=-pi*ci*cexp(-pi*r)+*Ey
Ez=-pi*ci*cexp(-pi*r)sczecy*(-1.0+3.0+p1/r*(1.0-p1/r))/r

return
end
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subroutine tilcc(dum,dum2,lngth,wdth,mi,nc',ncl,elnum,
+ icz,lex,wf,z,wu,hu,xs0,wsc,lsc,n,t,
er,mi,wq,hf,nf)
real 1ngth,wdth,wf,1cx,wu(2000),hu(2000),wsc,1|c,
lcz,wi,hi,w2,h2,d1.hh1,d,hh,111,121,112,122,110,
t,tl,or,pi,kt,kwi,khi,kw2,kh2,kwt,h1,wq,
hij,hii,h11,h21,h12,h22,w12,w22,
xsi,x82,1,kb
complex z(n,n),z12,zs,pl
integer n,ii,jj,ki,kj,ncl,ncw,j,i,jxl,jxu,jyl,jyu,f!!,mi,
+ ixl,ixu,iyl,iyu,nl,aj,ni.p,q,jtl,itl,ni,
+ dum(2000) ,dum2(2000) ,elnum, jp,ip,ma,
+ mb,m,flg
CCCCCCCECCECCCECCCCCCCCCCECCCCLCECECCCCCCceceeeeceececceeeceececcececce
Subroutine filcc computes the conductor-conductor
interactions of the impedance matrix (submatrix 4)

c
c
called by: mom c
c
c

calls: ortot, partot, orftot, parftot
CCCCCCECECCCCCCECEECCCCCCCCeeeeeeeccceeeececcecceeeccececeecceecceeccee
do 30 j=1,4*mi+nt
do 30 i=1,4»*mi+nf
if ((dum2(j).eq.(0)).or.(dum2(i).eq.(0))) goto 30

+

+ + ++

QOO0 0 DOO

Il§=1
c initialize
1=0

jx
jxu=
jyl=0
jyu=0
ix1=0
ixu=0
iyl=0
iyu=0
j£1=0
i£1=0
z12=0.0
212¢=0.0
¢ determine the location of the conductor currents
if ((j.ge.0).and.(j.le.mi)) jxl=1
if ((j.gt.m1).and.(j.le.(2*m1))) jxu=1
it ((j.gt.(2*m1)).and.(j.le.(stmi))) jyl=1
it ((j.gt.(3*m1)).and.(j.le.(4*m1))) jyu=1
if ((i.ge.0).and.(i.le.m1)) ixl=1
if ((i.gt.m1).and.(i.le.(2*m1))) ixu=1
if ((i.gt.(2*m1)).and.(i.le.(3*m1))) iyl=1
if ((i.gt.(3*m1)).and.(i.le.(4*m1))) iyu=1
it ((j.gt.(4*m1+1)).and.(j.le.(4*mi+nf))) jfl=1
it ((i.gt.(4*m1+1)).and.(i.le.(4*mi+nf))) ifl=1

c
it ((jxl.eq.1).and.(i.eq.(4#*mi+1))) then
¢ calculate interaction between lower plate x-directed
¢ conductor current and short-circuit or receiving diode
jj=int ((j-1) /ncl)+1
kj=j-(jj-1)*ncl
wi=wsc
hii=lsc
h21=hii
w12=1cx/2.0
w22=vw12
h2=hu(j+1)
hh=-(wdth-(jj-1)*1lcz+wt/2.0-1sc)
d=({(kj-1)+0.50)*1lcx-wsc
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call ortot(d,hh,wi,hi11,h21,w12,w22,h2,212)
z(dum2(j),dum2(i))=z12
endif

i? ((jxu.eq.1).and.(i.eq.(4*m1+1))) then
¢ use symmetry for upper x-directed conductor currents and
¢ short-~circuit or receiving diode interaction

jj=int ((j-m1-1)/ncl)+1

jp=3-(2#jj-1)*ncl

z(dum2(j) ,dum2(i))=-z(dum2(jp) ,dum2(i))

endif

if ((jxl.eq.1).and.(ifl.eq.1)) then
¢ calculate interaction between lower plate x-directed
¢ conductor current and microstripline current

ji=int((j-1)/ncl)+1

kj=j-(jj-1)*ncl

ii=i-4+*mi-1

hfi=(ii-1)+*ht

wi=wq/2.0

hii=hf

h21=

w12=1cx/2.0

w22=w12

h2=hu(j+1)

hh=(jj-1)*lcz-hfi

d=((kj-1)+0.50)*1cx-xs0

call orttot(d,hh,—t,w1,h11,h21,w12,w22,h2.212)

z(dum2(j) ,dum2(i))=z12

endif

if ((jxu.eq.1).and.(ifl.eq.1)) then
¢ calculate interaction between upper plate x-directed
¢ conductor current and microstripline current

jj=int ((j-mi-1)/ncl)+1

kj=j-mi-(jj~1)*ncl

jp=j-(2*jj-1)*ncl

ii=i-4*mi-1

hti=(ii-1)*ht

wi=wq/2.0

hii=ht

h2i=hf

w12=1cx/2.0

w22=w12

h2=hu(jp+1)

hh=jj*lcz+wdth+wf-hu(jp+1)-hti
d=((kj-1)+0.50)*1cx-x80

call orftot(d,hh,-t,wl,h11,h21,w12,v22,h2,z12)
z(dum2(j) ,dum2(i))=z12

endif

it ((jyl.eq.1).and.(i.eq.(4*m1+1))) then
¢ calculate interaction between lower plate z-directed
¢ conductor current and short-circuit or receiving diode

jj=int ((j-2+*mi-1)/ncl)+1

kj=j-2+*m1-(jj-1)*ncl

jp=j-2*mi

wl=wsc

hiil=lsc

h2i=1sc

w2=wu(jp)/2.0

hi2=hu(jp)

h22=hu(jp+ncl)

=-(wdth-(jj-1)*1lcz+wt/2.0-1sc)

c

c
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[+
[

c

c
c

d=((kj-1)+0.60)*lcx-wsc

call partot(d,hh,wi,hii,h21,w2,h12,h22,zl2)
z(dum2(j) ,dum2(i)) =212

endif

if ((jyu.eq.1).and.(i.eq.(4*m1+1))) then
use symmetry for upper z-directed conductor currents and
short-circuit or receiving diode interaction
jj=int((j-3*m1-1)/ncl)+1
jp=j-2*jj*ncl
z(dum2(j) ,dum2(i) )=z (dum2(jp) ,dum2(i))
endif

it ((j.eq.(4*m1+1)).and.(ifl.eq.1)) then
calculate interaction between microstripline current
and short-circuit or receiving diode

ii=i-4*mi-1

hfi=(ii-1)+*ht

w2=uq/2.0

hi2=ht

h22=ht

wi=wsc

hii=lsc

h2i=1sc

hh=-(wdth-hfi+wf/2.0-1sc)

d=x80-wsc

call parttot(d,hh,t,Ii,h11,h21.w2,h12,h22,zl2)

z(dum2(j) ,dum2(i))=212

endif

if ((jyl.eq.1).and.(ifl.eq.1)) then
calculate interaction between lower plate z-directed
conductor current and microstripline current

jj=int ((j-2*mi-1)/ncl)+1

kj=j-2*mi-(jj-1)*ncl

ig=i—2*m1

=i-4*mi-1

hfi=(ii-1)+ht

wi=wq/2.0

hii=ht

h21=hf

v2=wu(jp)/2.0

hi12=hu(jp)

h22=hu(jp+ncl)

hh=(jj-1)*lcz-hti

d=((kj-1)+0.50)*lcx-xs0

call parftot(d,hh,-t,wi,h11,h21,w2,h12,h22,212)
z(dum2(j) ,dum2(i))=2z12

endif

if ((jyu.eq.1).and.(ifl.eq.1)) then
calculate interaction between upper plate z-directed
conductor current and microstripline current

ji=int ((j-3*m1-1)/ncl)+1

kj=j-3*mi-(jj-1)*ncl

jp=j-(2*jj-1)*ncl-2+mi

ii=i-4*mi-1

hti=(ii-1)+ht

wi=wq/2.0

hii=h{

h2i=hf

w2=wu(jp)/2.0

hi2=hu(jp)

h22=hu(jp-ncl)

hh=j j*lcz+wdth+wf-hu(jp)-hfi
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d=((xj-1)+0.60)*1lcx-xs80
call parttot(d.hh,—t,wi,h11,h21,w2,h12,h22,z12)
z(dum2(j) ,dum2(i))=z12
endif
if ((jfl.eq.1).and.(ifl.eq.1)) then
¢ calculate interaction between microstripline currents
it (j.le.i) then
ji=j-4+mi-1
ii=i-4*mi-1
it ((jj.eq.ii).and.(jj.gt.1)) then
z(dum2(j) ,dum2(1))=z(dum2(j-1) ,dum2(i-1))

else
htj=(jj~1)+*ht
hii=(1i-1}*hi

[+

hh=hfi-ht
d=0.0
wi=wqg/2.0

=ht
call partot(d,hh,wi,h11,h21,w2,h12,h22,zi2)
z(dum2(j) ,dam2(1)) =212
endif
endif
if ((jfl.eq.1).and.(i.lt.j)) then
¢ use symmetry if i<j
z(dum2(j),dum2(i))=z(dum2(1),dum2(j))
endif

if ((j.eq.(4*m1+1)).and.(i.1t.j)) then

¢ use symmetry if i<j
z(dum2(j),dnm2(i))=z(dnm2(i),dnm2(j))
endif

if ((j.eq.(4*m1+1)).and.(i.eq.j)) then
c calculate self interaction of short-circuit
¢ or receiving diode

wi=wsc

hil=lsc

h21=1sc

o

h22=1sc

d=0.0

hh=0.0

call partot(d,hh,wi,hli,h21,w2,h12,h22,zi2)
z(dum2(j) ,dum2(i) )=z12

endif

if ((jxl.eq.1).and.(ixl.eq.1)) then

¢ investigate interaction between lower plate x-directed
¢ antenna conductor currents
jj=int ((j-1)/ncl)+1
ii=int ((i-1)/ncl)+1
ki=i-(ii-1)*ncl
¢ check various possibilities of symmetry
if (j.gt.i) then
z(dnm2(j),dnm2(i))=z(dum2(i),dnm2(j))

1l
:I'z(dum(j).eq.z).or.(dum(j+1).cq.2)) £1g=0
if ((dum(i).eq.2).or.(dum(i+1).eq.2)) flg=0

if ((jj.gt.1).and.(ii.gt.1)) then
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aj=j-ncl

ai=i-ncl

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £flg=0
if ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0

it ((dum(ai).eq.2).or.(dum(ai+1).eq.2)) flg=0
z(dum2(j),dnm2(i))=z(dum2(aj),dnmz(ni))

else

if ((jj.oq.i).and.(j.gt.i)) then
if (ki.1lt.j) then

aj=ki

al=i+j-ki

else

aj=j-1

ai=i-1

dif
11t {aun2(a3) . 0q. (0)) .or. (dum2(ai) .eq.(0))) flg=0
it ((dum(aj).eq.2) .or.(dum(aj+1).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+1).eq.2)) £1g=0
z(dum2(j) ,dum2(1))=z(dum2(aj) ,dum2(ai))
else
£1g=0
endif
endif
endif
if (f1g.eq.0) then

no symmetry
calculate interaction between lower plate x-directed
antenna conductor currents
wizhu(j+1)/2.0
hii=wu(j)
h21=wu(j+1)
w2=hu(i+1)/2.0
hi2=wu(i)
h22=wu(i+1)
d=(jj-1i)*1lcz+wi-w2
hh=-(j-ncl*(jj-ii)-i)*lex-h12+h1l
call partot(d,hh,wi,hii,h21,w2,h12,h22,zi2)
z(dum2(j) ,dum2(i)) =212
endif

endif

if ((jxu.eq.1).and.(ixu.eq.1)) then
use symmetry for interaction between upper plate x-directed
antenna conductor currents

jj=int ((j-m1-1)/ncl)+1

aj=j-(2+jj-1)*ncl

ii=int ((i-mi-1)/ncl)+1

ai=i-(2*ii-1)#*ncl

z(dum2(j) ,aum2(1i)) =z (dum2(aj) ,dum2(ai))

endif

if ((jxl.eq.1).and.(ixu.eq.1)) then
investigate interaction between lower and upper plate
x-directed antemnna conductor currents

jj=int((j-1)/ncl)+1

1i=int((i-m1-1)/ncl)+1

ki=i-mi-(ii-1)*ncl

ip=i-(2#ii-1)*ncl

if ((dum(j).eq.2).or.(dum(j+1).eq.2)) £1g=0

if ((dum(i).eq.2).or.(dum(i+1).eq.2)) £lg=0
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¢ check various possibilities of symmetry
if ((jj.gt.1).and.(ii.gt.1)) then
aj=j-ncl

ai=i-ncl

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) flg=0

if ((dum(ai).eq.2).or.(dun(ai+1).eq.2)) £1g=0
z(dumz(j),dnm2(i))=z(dum2(aj),dnm2(ai))

else

if ((jj.eq.1).and.(j.gt.1)) then
if (kxi.1lt.j) then
aj=ki
ai=i+j-ki
else
aj=j-1
ai=i-1
endif
if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+1).eq.2)) £1g=0
z(dum2(j) ,dum2(1i))=z(dun2(aj) ,dum2(ai))
else
£1g=0
endif
endif
it (f£1g.eq.0) then
no symmetry
calculate interaction between lower and upper plate
¢ x-directed antenna conductor currents
wizhu(j+1)/2.0
hit=wu(j)
h21=wu(j+1)
w2=hu(ip+1)/2.0
hi12=wu(ip)
h22=wu(ip+1)
d=(jj-ii-ncw-1)*lcz-wi+w2+wl
hh=-(j-nc1*(jj-11)-i+m1)*lcx-h12+h11
call partot(d,hh,wi,hil,h21,w2,h12,h22,212)
z(dum2(j) ,dum2(i))=z12

a0

c endif
endif
[
&
if ((jxu.eq.1).and.(ixl.eq.1)) then
¢ nuse symmetry for interaction between upper plate x-directed
¢ antenna conductor currents with those of lower plate
z(dum2(j) ,dum2(i)) =z (dum2(1) ,dum2(§))
endif
c
c
¢

if ((jyl.eq.1).and.(iyl.eq.1)) then
¢ investigate interaction between lower plate z-directed
¢ antenna conductor currents
ii=int((i-2%*m1i-1)/ncl)+1
jj=int ((j-2*m1-1)/ncl)+1
kizi-2*mi-(ii-1)*ncl
xj=j-2#m1-(jj-1)*ncl
jp=j-2#m1
ip=i-2*m1
¢ check various possibilities of symmetry
if (j.gt.i) then
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z(dum2(j) ,dum2(i) )=z (dum2(i) ,dum2(j))
else

if ((dum(j).eq.2).or.(dum(j+ncl).eq.2)) £1g=0
if ((dum(i).eq.2).or.(dum(i+ncl).eq.2)) £1g=0

if ((jj.gt.1).and.(ii.gt.1)) then

aj=j-ncl

ai=i-ncl

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+ncl).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j) ,dum2(i))=z(dum2(aj) ,dum2(ai))

else

if ((jj.eq.1).and.(kj.gt.1)) then
if (xi.1t.kj) then

aj=ki+2+m1

ai=i+kj-ki

endif
if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+ncl).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j) ,dum2(i))=z(dum2(aj) ,dum2(ai))
e
tigo
en |
endif
end]
it (11€.eq.0) then
no symmetry
calculate interaction between lower plate z-directed
antenna conductor currents
wi=wu(jp)/2.0
h11=hu(jp)
h21=hu(jp+ncl)
w2=wu(ip)/2.0
hi12=hu(ip)
h22=hu(ip+ncl)
d=(ki-kj)*lcx-w2+wl
hh=(ii-jj)*lcz
call partot(d,hh,wi,hii,h21,w2.h12,h22,212)
z(dum2(j) ,dum2(i))=z12
endif

endif

if ((jyl.eq.1).and.(iyu.eq.1)) then
investigate interaction between lower and upper plate
z-directed antenna conductor currents

jj=int ((j-2*m1-1)/ncl)+1

ii=int ((i-3*mi-1)/ncl)+1

ki=i-3*m1—2ii-1)*nc1

kj=j-2*mi-(jj-1)*ncl

jp=j-2*m1

ip=i-(2*ii-1)*ncl-2%mi

12 ((dum(j).eq.2).or.(dum(j+ncl).eq.2)) £1g=0

it ((dum(i).eq.2).or.(dum(i+ncl).eq.2)) £1g=0

it ((jj.gt.1).eand.(di.gt.1)) then
check various possibilities of symmetry
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aj=j-ncl

ai=i-ncl

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+ncl).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j) ,dum2(i))=z(dum2(aj) ,dum2(ai))

else

if ((jj.eq.1).and.(kj.gt.1)) then

if (ki.lt.kj) then

aj=ki+2#mi

ai=i+kj-ki

else

ai=j-1

ai=i-1

endif

it ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
it ((dum(aj).eq.2).or.(dum(aj+ncl).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j) ,dum2(i))=2z(dum2(aj) ,dum2(ai))

else

11g=0

endif

endif

it (flg.eq.0) then

no symmetry
calculate interaction between lower and upper plate
z-directed antenna conductor currents

wi=wu(jp)/2.0

hii=hu(jp)

h21=hu(jp+ncl)

w2=wu(ip)/2.0

hi2=hu(ip)

h22=hu(ip-ncl)

d=(ki-kj)*lcx-w2+wi
hh=(ii+ncw+1-jj)*lcz+wf-h12

call partot(d,hh,wi,hi1,h21,w2,h12,h22,212)
z(dum2(j) ,dum2(i)) =212

endif

endif

if ((jyn.eq.1).and.(iyl.eq.1)) then

use symmetry for interaction between upper plate

and lower plate z-directed antenna conductor currents
z(ggm(j) ,dum2 (1) )=z (dum2(i) ,dum2(j))
endif

if ((jxl.eq.1).and.(iyl.eq.1)) then
investigate interaction between lower plate x-directed
and lower plate z-directed antemna conductor currents
jj=int ((j-1)/ncl)+1
ii=int ((i-2*m1-1)/ncl)+1
ki=i-2*mi-(ii-1)*ncl
kj=j-(jj-1)*ncl
ip=i-2+mi
it ((dum(j).eq.2).or.(dum(j+1).eq.2)) £1g=0
if ((dum(i).eq.2).or.(dum(i+ncl).eq.2)) f1g=0
check various possibilities of symmetry
if (jj.gt.1) then
if (ii.1t.jj) then
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aj;j-(jj—ii)*ncl

q

ai=i+(jj-1i-1)*ncl

else

aj=j-ncl

ai=i-ncl

q=1

endif

it ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) flg=0
if ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
if (q.eq.0) then
z(dan(j),dnm2(i))=—z(dnm2(aj),dnm2(ai))

1
2 (@un2(3) ,dun2 (i) )=z (dum2(aj) ,dum2(ai))
endif
else
it ((jj.eq.1).and.(j.gt.1)) then
it (j.le.ki) then
aj=j-1
ai=i-1
q=0
else
aj=ki
ai=i+(j-ki+1)
g=1

endif

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) f1g=0
if ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) f1g=0

if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
if (q.eq.0) then
z(dumz(j),dnm2(i))=z(dum2(aj),dnm2(ai))

Staam2(§) ,dum2(4))=-z(dum2(aj) ,dun2(ai))
endif

else

it ((j.eq.1).and.(ki.eq.2)) then

aj=J

ai=i-1

it ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
if ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0

if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j) ,dum2(i))=-z(dum2(aj) ,dum2(ai))

else
flg=

() «1
()1
ondaj

if (flg.eq.0) then

no symmetiry
calculate interaction between lower plate x-directed
and lower plate z-directed antenna conductor curxents

wi=wu(ip)/2.0

hii=hu(ip)

h21=hu(ip+ncl)

w12=wu(j)/2.0

w22=wu(j+1)/2.0

h2=hu(j+1)

hh=(jj-1i)*lcz

d=(xj-ki)*lcx-wi2+wl

call ortot(d,hh,w1,h11,h21,¥12,w22,h2,z12)
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z(dum2(j) ,dum2(i)) =212
endif

endif

if ((jxl.eq.1).and.(iyu.eq.1)) then
investigate interaction between lower plate x-directed
and upper plate z-directed antenna conductor currents

jj=int((j-1)/ncl)+1

ii=int((i-3*m1-1)/ncl)+1

ki=i-3#*m1-(ii-1)*ncl

kj=j-(jj-1)*ncl

ip=i-(2*ii-1)*ncl-2*mi

it ((dum(j).eq.2).or.(dum(j+1).eq.2)) £1g=0

if ((dum(i).eq.2).or.(dum(i+ncl).eq.2)) £1g=0
check various possibilities of symmetry

it ((jj.gt.1).and.(ii.gt.1)) then

aj=j-ncl

ai=i-ncl

it ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0

i? ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0

if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1lg=0

z(dum2(j),dum2(i))=z(dum2(aj),dnm2(ai))

else

it ((jj.eq.1).and.(j.gt.1)) then
12 (j.1le.ki) then

ai=i+(j-ki+1)
q=1

endif

if ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £1g=0
if ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0

if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £lg=0
it (q.eq.0) then

z(dum2(j) ,dum2(i) )=z (dum2(aj) ,dum2(ai))

1
2(dam2(j) ,dum2(i))=-z(dun2(aj) ,dum2(ai))
endif
else
i§ g(kj.eq.i).and.(ki.oq.2)) then
a

ai=i-1
it ((dum2(aj).eq.(0)).or.(dum2(ai).eq.(0))) £ig=0
it ((dum(aj).eq.2).or.(dum(aj+1).eq.2)) £1g=0
if ((dum(ai).eq.2).or.(dum(ai+ncl).eq.2)) £1g=0
z(dum2(j),dum2(i))=-z(dum2(aj),dum2(ai))
else
£1g=0
endif
endif
on
if (£1g.eq.0) then
no symmetry
calculate interaction between lower plate x-directed
and upper plate z-directed antenna conductor currents
wizwu(ip)/2.0
hii=hu(ip)
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h21=hu(ip-ncl)

wi2=wu(j)/2.0

w22=wu(j+1)/2.0

h2=hu(j+1)

hh=(jj-ii-ncw-1)*lcz-wf+hil
d=(kj~ki)*lcx-w12+wi

call ortot(d,hh,wl,hll,h21,w12,'22,h2,zi2)
z(dum2(j) ,dum2(i)) =212

endif

endif

i? ((jyl.eq.1).and.(ixl.eq.1)) then
use symmetry for interaction of upper plate
and lower plate x-directed currents (j>i)
z(gggZ(j),dmm2(i))=z(dum2(i),dum2(j))
en

if ((jyl.eq.1).and.(ixu.eq.1)) then
use symmetry for interaction of lower plate
and upper plate x-directed currents (3>1)
z(dum2(j) ,dum2(i) )=z (dum2(i) ,dum2(j))
endif

if ((jxu.eq.1).and.(iyl.eq.1)) then
use symmetry for interaction of upper plate
and lower plate z-directed currents
ji=int ((j-m1-1)/ncl)+1
ii=int ((i-2+m1-1)/ncl)+1
ai=i+2#(ncw-ii)*mcl
aj=j-(2*jj-1)*ncl
z(dum2(j) ,dum2(i))=-z(dum2(aj) ,dum2(ai))
endif

i? ((jxu.eq.1).and.(iyu.eq.1)) then
use symmetry for interaction of upper plate
and upper plate z-directed currents
jj=int ((j-m1-1)/ncl)+1
ii=int((i-3*mi-1)/ncl)+1
ai=i-2#*iisncl
aj=j-(2*jj-1)"mcl
z(dum2(j),dnm2(i))=-z(dum2(aj),dum2(ai))
endif
if ((jyl.eq.1).snd.(ixl.eq.1)) then
use symmetry for interaction of lower plate
and lower plate x-directed currents (j>i)
z(dum2(j) ,dum2(i))=z(dum2(i) ,dum2(j))
endif
it ((jyu.eq.1).and.(ixl.eq.1)) then
use symmetry for interaction of upper plate
and lower plate x-directed currents (j>i)
z(dum2(j) ,dum2(i))=z(dum2(i) ,dum2(j))
endif
it ((jyu.eq.1).and.(ixu.eq.1)) then
use symmetry for interaction of upper plate
and upper plate x-directed currents (j>i)
z(gz:2(j),dum2(i))=z(dum2(i),dum2(j))
en

if ((jyu.eq.1).and.(iyu.eq.1)) then
use symmetry for interaction of upper plate
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¢ and upper plate z-directed currents

30

jj=int ((j-3*m1-1)/ncl)+1
ii=int((i-3*mi-1)/ncl)+1

aj=j-2*jj*ncl

ai=i-2*ijsncl

z(dum2(j) ,dum2(1))=z(dun2(aj) ,dun2(ai))
endif

continue

return
end
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subroutine filcd(lex,lcz,1x,ly,lz,imp,dum,dum2,mel,

+ ncl,ncw,mdl,md2,nld,nwd,hghd,wdth,wf,elnumc,

+ elnumd,wu,hu,xs0,wsc,lsc,n,mi,xd0,wq,ht,nt)
real wi,h1,d,hh,1,1i1,i2,1ex,1lcz,1x,1y,12,wu(2000),
+ wdth,wt,hghd,lsc,wsc,xlo,pjw,pjh,wq,

+ hfj,hi11,h21,hu(2000),pi,xd0,ht

complex imp(n,n),z12,z,temp

integer dum(2000) ,dum2(2000) ,mc1,ncl,ncw,md1 ,md2,nld, jx1,
jxu,jyl,jyu,it,ih,iw,il,jj,uj,i,j,sym,
jp,elnumc,elmmd,n,mi,nf,jfl,

+ ip,ii,ai,nwd,nw

+ +

c
€CCCCececteeececceeeceeeeeeceeececceceeceeceeeceeeceeccecceeeeccecceccceeee
¢ Subroutine filcd computes the conductor-dielectric c
¢ interactions of the impedance matrix (submatrix C) c
c c
¢ called by: mom c
c c
c calls: zcdxx, zcdxy, zcdxz, zcdzx, zcdzy, zcdzz c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

pi=atan(1.0)*4.0

nw=nwd/2

sym=1

do 30 j=1,4%*mci+nf
do 30 i=1,3*md2
if (dum2(j).eq.0) goto 30

c initialize
x1=0

EEE
OO0 W U N
OCO0OO0O

nnunu =

(Y

W
il
c determine the location of the conductor current

it ((j.ge.0).and.(j.le.mc1)) jxl=1

if ((j.gt.mc1).and.(j.le.(2*mc1))) jxu=1

if ((j.gt.(2*mc1)).and.(j.le.(3*mc1))) jyl=1

it ((j.gt.(3*mc1)).and.(j.le.(4*mcl))) jyu=1

it ((j.gt.(4*mc1+1)).and.(j.le.(4*mci+nf))) jfl=1
c determine the location of the dielectric current

it=int§(i—1)/md2)

ih=int ((i-it*md2-1)/md1)

iw=int ((i-it*md2-ih*md1-1)/nld)

;%;Eaig*mdz—ih*mdi-iw*nld

c
if (jxl.eq.1) then
¢ calculate interaction between lower plate x-directed
c conductor current snd dielectric currents if dielectric
c current is x,y,z directed call zcdxx,y,z resp.

ji=int((j-1)/ncl)+1

hizhu(j+1)*2.0+pi

wi=lcx*pi
d=((11-0.50)*1x+xd0-(j-(jj~1)*ncl)*lex+1cx/2.0)*2.0*pi
hh=((ih+1)*1y-1y/2.0)*2.0*pi
i;(é(%w+1)*lz-lz/2.0)-(jj—1)*1cz)*2.0*pi

i2=1.0

if (it.eq.0) call zecdxx(d,hh,1,w1,hi1,i1,i2,2)

if (it.eq.1) call zcdxy(d,hh,1,wi,h1,i1,i2,2z)
if (it.eq.2) call zcdxz(d,hh,1,wi,hi1,il1,i2,z)
z212=z12+2
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i1=1.0

12=0.0

d=d-1lcx*2,0*pi

it (it.oq.O) call zcdxx(d,hh,l,wi,hl,ii,i2,z)
if (it.eq.1) call zcdxy(d,hh,1,w1,h1,i1,i2,2)
if (it.eq.2) call zcdxz(d,hh,1,wi,h1,1i1,1i2,2)
z12=z12+2

imp(i+elnumc,dum2(j))=212

endif

if (jxu.eq.1) then
investigate interaction between upper plate x-directed
conductor current and dielectric currents
jj=int((j-mci-1)/ncl)+1
jp=j-(2#jj-1)*ncl
it ((iw+1).gt.nw) then
ai=i-(2*(iwv+i-nw)-1)»mld

else
ai=i+(2*(nw-(iw+1))+1)=nld
endif

if (sym.eq.0) then
no symmetry
calculate interaction between upper plate x-directed

conductor current and dielectric currents if dielectric
current is x,y,z directed call zcdxx,y,z Tesp.

wi=lcx+pi

hi=hu(jp+1)*2.0%pi
d=(il*1x-1x/2.0+xd0-(j-mc1-(jj~1)*ncl)*lcx+lcx/2.0)*2.0*pi
hh=((ih+1)*1y-1y/2.0)%2.0%pi

1=(((iw+1)*12z-1z/2.0)~((jj) *1lcz+wdth+wf-hu(jp+1)))*2.0*pi
11=0.0

i2=1.0

if (it.eq.0) call zcdxx(d,hh,1,w1,h1,i1,i2,z)

if (it.eq.1) call zcdxy(d,bh,1,w1,h1,i1,12,2)

it (it.eq.2) call zcdxz(d,hh,1,w1,h1,i1,12,2)

z12=z12+2

i1=1.0

i2=0.0

d=d-1cx*2.0%pi

if (it.eq.0) call zcdxx(d,hh,1,%1,h1,1i1,1i2,2)

if (it.eq.1) call zcdxy(d,hh,1,w1,h1,1i1,i2,z)

if (it.eq.2) call zcdxz(d,hh,1,w1,h1,1i1,i2,2)

z12=z12+z

imp(i+elnumc,dum2(j))=z12

1
;tszit.eq.o) imp(i+elnumc,dun2(j))=imp(ai+elnumc,dum2(jp))
it (it.eq.1) imp(i+elnumc,dum2(j))=imp(ai+elnumc,dum2(jp))
i:diit.oq.2) imp (i+elnumc,dum2(j))=-imp(ai+elnumc,dum2(jp))
:ndi§
it (j.eq.(4*meci+1)) then
calculate interaction between short-circuit or receiving

diode current and dielectric currents if dielectric
current is x,y,z directed call zcdzx,y,z resp.

wilzwsc#*2.0%pi

hi=lsc*2.0*pi
d=(il*1x-1x/2.0+xd0-wsc)*2.0%pi
hh=((ih+1)*1y-1y/2.0)*2.0%pi
1=((iw+1)*1z-1z/2.0-(wdth+wf/2.0)+1sc)*2.0*pi
i1=0.0

i2=1.0

if (it.eq.0) call zcdzx(d,hh,1l,w1,h1,i1,i2,2)
if (it.eq.1) call zcdzy(d,hh,1,w1,h1,i1,i2,z)
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if (it.eq.2) call zedzz(d,hh,1,wl,ht,i1,1i2,2)
z12=212+2z

1=1.0

i2=0.0

1=1~-18c*2.0*pi

if (it.eq.0) call zcdzx(d,hh,1,w1,h1,i1,1i2,2)
if (it.eq.1) call zcdzy(d,hh,1,w1,h1,11,i2,2)
if (it.eq.2) call zcdzz(d,hh,1,%1,hi,i1,i2,2)
z12=z12+2
imp(i+elnumec,dum2(j))=212
endif

if (jfl.eq.1) then
calculate interaction between microstripline

current and dielectric currents if dielectric
current is x,y,z directed call zcdzx,y,z resp.

wi=wg*pi

hi=hf*2.0%pi

ji=j-4*mci-1

hfj=(jj-1)*ht
d=(11*1x-1x/2.0+xd0-x80)*2.0*pi
hh=-((ih+1)#*1y-1y/2.0)*2.0*pi
1=((iw+1)*1z-1z/2.0-hfj)*2,0*pi

i1=0.0

i2=1.0

if (it.eq.0) call zcdzx(d,hh,1,w1,ht,11,i2,2)
if (it.eq.1) call zcdzy(d,hh,1,%1,h1,i1,i2,2)
if (it.eq.2) call zcdzz(d,hh,l,wl,h1,11,12,z)
z12=z12+z

i1=1.0

i2=0.0

1=1-hi

if (it.eq.0) call zcdzx(d,hh,1,w1,h1,i1,i2,2)
if (it.eq.1) call zcdzy(d,hh,l,w1,h1,i1,i2,2)
if (it.eq.2) call zcdzz(d,hh,1,w1,h1,11,i2,2)
z12=212+2

imp(i+elnumc,dum2(j))=z12

endif

if (jyl.eq.1) then

calculate interaction between lower plate x-directed

conductor current and dielectric currents if dielectric
current is x,y,z directed call zcdzx,y,z resp.

jj=int ((j-2+mc1-1)/ncl)+1

jp=j-2*mcl

wi=lecx*pi

hi=hu(jp)*2.0%pi
d=(il*1x-1x/2.0+xd0-(jp-(jj-1)*ncl)*lcx+lcx/2.0)*2.0%pi
hh=((ih+1)*1y-1y/2.0)*2.0*pi
1=((iw+1)*1z-1z/2.0-(jj-1)*1lcz)*2.0%pi

i1=0.0

i2=1.0

if (it.eq.0) call zcdzx(d,hh,1l,w1,h1,i1,i2,2)
if (it.eq.1) call zcdzy(d,hh,l,w1,h1,i1,12,2)
if (it.eq.2) call zcdzz(d,hh,1,w1,h1,i1,1i2,2)
z12=z12+z

i1=1.0

12=0.0

1=1-hil

hizhu(jp+ncl)*2.0+pi

if (it.eq.0) call zcdzx(d,hh,1,w1,h1,1i1,12,2)
if (it.eq.1) call zcdzy(d,hh,1,w1,h1,i1,i2,z)
if (it.eq.2) call zecdzz(d,hh,1,w1,h1,1i1,i2,2)
z12=2z12+z

imp(i+elnumc,dum2(j))=2z12
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endif

it (jyu.eq.1i) then
investigate interaction between upper plate x-directed
conductor current and dielectric currents

jj=int((j—3*mc1—1)/nc1)+1

jp=j-(2#jj-1)*ncl-2+mcl

aj=j-2*jj*ncl

if ((iw+l).gt.nw) then

ai=i-(2*(iw+i-nw)-1)#*nld

else
aizi+(2*(nw-(iw+1))+1)*nld
endif

if (sym.eq.0) then

no symmetry
calculate interaction between upper plate x-directed

conductor current and dielectric currents if dielectric
current is x,y,z directed call zcdzx,y,z Tresp.

wiz=lcx*pi

hi=hu(jp)*2.0*pi
d=(il*1x-1x/2.0+xd0-(j-3*mc1-(jj-i)#ncl)*lcx+1cx/2.0)*2.0#pi
hh=((ih+1)*1y-1y/2.0)*2.0*pi

1=((iw+1)*lz-1z/2 .0-(jj*1lcz+wdth+wi-hu(jp)))*2 .0*pi

11=0.0

i2=1.0

if (it.eq.0) call zcdzx(d,hh,l,wl,hl,11,12,2)
if (it.eq.1) call zcdzy(d,hh,l.wi,hl,ii,12,2)
if (it.eq.2) call zcdzz(d,hh,l,wi,h1,11,12,z)
z12=212+2

i1=1.0

12=0.0

1=1-hi

hizhu(jp-ncl)#*2.0+*pi

if (it.eq.0) call zcdzx(d.hh,l.wi,hl,ii,iz,z)
if (it.eq.1) call zcdzy(d,hh,l,wi,hi,11,12,2)
if (it.eq.2) call zcdzz(d,hh,l,wi,hi,il.i2,z)
z12=z12+2z

1mp(i+elnnmc,dnm2(j))=zi2

1

gi'zit.eq.o) imp(i+elnnmc,dum2(j))=—imp(ai+elnnmc,dum2(aj))
if (it.eq.1) imp(i+olnumc,dum2(j))=—imp(ni+elnnmc,dum2(aj))
if (it.eq.2) imp(i+olnnmc,dnmz(j))=imp(ni+olnnmc,dumz(aj))

30 continue
urn
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subroutine tildc(lcx,lcz,lx,ly.lz,imp,dnm.dumz,mci,

+ ncl,ncw,mdi,md2,nld.nwd,hghd,udth,w!.elnnmc,
+ elnnmd,wu,hu,xso,wsc,lsc,n,mi,xdo,wq,hi,nI)
real w1,hi,d,hh,l,ii,i2,1cx,1cz,lx,1y,lz,wu(2000),de,
+ wdth,wt,hghd,llc,vac,xso,pjw,pjh,wq,hi.hij,
+ hii,h21,hu(2000},
+ pi,klx,kly,klz

complex imp(n,n),z12,z,temp,maxz
integer dum(2000) ,dum2(2000) ,mc1,ncl,ncw,md1,md2,nld, jx1,
+ jxu,jyl,jyu,it,ih,iv,11,3j,8j,i,j,nv,nwd,ai,ii,
+ jp,elnumc.elnumd,n,mi,lym,jfl,n!
€CCCCCCCCCECECEECCCTCCCCECEECCEECeeCeeeecececceeceeecececceecceececcce
Subroutine filcd computes the dielectric-conductor
interactions of the impedance matrix (submatrix B)

c
c
called by: mom c

c

calls: zdcxx, zdcxy, zdcxz, zdczx, zdczy, zdczz c
CCCCeCCCCCCCCCCCCCCCCCCCCCECCCCCCCECCCCeeceeceececeeeccecececceccccece

pi=atan(1.0)*4.0
k1x=2.0%pi*lx
kly=2.0*pis*ly
k1lz=2.0%pislz

nw=nwd/2

sym=1

do 30 j=1,4%mci+nf

do 30 i=1,3*md2

if (dum2(j).eq.0) goto 30

c initialize
ixl=

ANOO000 000

H-%l—l-:'—l-
(24
SEREE
[~1=T~T« 2N TR ]
QOOOO

E

w
1
¢ determine the location of the conductor current
t ((j.ge.0).and.(j.le.mc1)) jx1=1
it ((j.gt.mc1).and.(j.le.(2*mc1))) jxu=1
if ((j.gt.(2*mc1)).and.(j.le.(3*mc1))) jyl=1
if ((j.gt.(3*mc1)).and.(j.le.(4*mc1))) jyu=1
it ((j.gt.(4*mc1+1)).and.(j.le.(4*mci+nf))) jfl=1
¢ determine the location of the dielectric current
it=int((i-1)/md2)
ih=int$(1-it#md2-1)/md1)
iw=int ((i-it*md2-ih*mdi-1)/nld)
il=i-it*md2-ih*mdi-iw*nld
z12=0.0
it (jxl.eq.1) then
¢ calculate interaction between lower plate x-directed

conductor current and dislectric currents if dielectric
current is x,y,z directed call zdcxx,y,z resp.

ji=int((j-1)/ncl)+1

hizhu(j+1)+*2.0*pi

wi=lcx*pi

d=((i1-0.60)*1x+xd0-(j-(jj-1)*ncl) *lcx+1cx/2.0)*2.0*pi
hh=((ih+1)*1y-1y/2.0)#*2.0%pi
1=(((iw+1)*1z-12/2.0)-(jj-1)*1lcz)*2.0%pi

if (abs(1).gt.(9.0*h1)) then

1 b e

an
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if (it.eq.0) z12=-imp(i+elnumc,dum2(j))+*klx

if (it.eq.1) z12=-imp(i+elnumc,dum2(j))*kly

if (it.eq.2) z12=-imp(i+elnumc,dum2(j))*klz

else

11=0.0

i2=1.0

if (it.eq.0) call zdcxx(klx,kly,klz,d,hh,l.wi,h1,11,12,2)
if (it.eq.1) call zdcxy(klx,kly,klz,d,hh,l,wi,h1,il,iz,z)
if (it.eq.2) call zdcxz(klx,kly,klz,d,hh,l,wi,hi,11,12,2)
zlg=z%2+z

i2=0.0
d=d-lcx*2,0%pi

if (it.eq.0) call zdcxx(klx,kly,klz,d,hh,l,w1,hi,11.12,2)
if (it.eq.1) call zdcxy(klx,kly,klz,d,hh,l,wi,hl,11,12,:)
if (it.eq.2) call zdcxz(klx,kly,klz,d.hh,l,wi,h1,11.12,2)
z12=212+2

endi

imp(dum2(j),i+elnumc)=z12

endif

if (jxu.eq.1) then
investigate interaction between upper plate x-directed

conductor current and dielectric currents
ji=int((j-me1-1)/ncl)+1

Jp=j-(2#jj-1)*ncl
if ((iw+1).gt.nw) then
ai=i-(2*(iw+1-nw)-1)*nld

else
ai=i+(2*(nw-(iw+1))+1)*nld
endif

if (sym.eq.0) then
no symmetxry
calculate interaction between upper plate x-directed

conductor current and dielectric currents if dielectric
current is x,y,z directed call zcdxx,y,Zz resp.

wi=lcx*pi

hi=hu(jp+1)*2.0%pi
d=(i1*1x-1x/2.0+xd0-(j-mc1-(jj-1)#ncl)*lcx+lcx/2.0)*2.0*pi
hh=( (ih+1)*1y-1y/2.0)*2.0%pi
1=(((iw+1)*1z-12/2.0)-(jj*lcz+wdth+wf-hu(jp+1)))*2.0*pi

if (abs(1l).gt.(9.0%h1)) then

if (it.eq.0) z12=-imp(i+elnumc,dum2(j))*klx

if (it.eq.1) z12=-imp(i+elnumc,dum2(j))+*kly

if (it.eq.2) zi2=-imp(i+elnumc,dum2(j))*klz

if (it.eq.0) call zdcxx(klx,kly,klz,d,hh,l,vi,h1,11,12,2)
if (it.eq.1) call zdcxy(klx,kly,klz,d,hh,l,vi,hi,ii,12,2)
if (it.eq.2) call zdcxz(klx,kly,klz,d,hh,l,wi,hi,ii,iz,z)
zig;z%2+z

§3d912x~2.0¢p1

if (it.eq.0) call zdcxx(klx,kly,kl1z,d,bhh,1,w1,h1,11,1i2,2)
if (it.eq.1) call zdcxy(klx,kly,klz,d,hh.l,wi,hl,ii,12,2)
if (it.eq.2) call zdcxz(klx,kly,klz,d,hh,l,wl,hi,ii,i2,z)
z12=z12+z

endif

1
;t‘?it.eq.o) z12=imp(dum2(jp) ,ai+elnumc)
if (it.eq.1) zi12=imp(dum2(jp),ai+elnumc)
if (it.eq.2) z12=-imp(dum2(jp),ai+elnumc)
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endif
imp(dum2(j),i+elnumc)=212

endif

if (j.eq.(4*mci+l
calculate interacti

)) then
on between short-circuit or receiving

diode current and dielectric_currents if dielectric

current is x,y,Z
wi=wsc*2.0%pi
hi=1sc#*2.0+pi

directed call zdczx,y,Z resp.

d=(il*1x-1x/2.0+xd0-wsc)*2.0*pi

hh=((ih+1)*1y-1y/
1=(((iw+1)#*1z-1z/
if (abs(d).gt.(16
if (it.eq.0) z12=
if (it.eq.1) z12=
it (it.eq.2) zi12=

if (it.eq.0) call
if (it.eq.1) call
if (it.eq.2) call
z12=z12+z

i1=1.0

i2=0.0

1=1-hi

if (it.eq.0) call
if (it.eq.1) call
if (it.eq.2) call
212=z12+z

2.0)*2.0%pi
2.0)-(wdth+v£/2.0)+1sc)*2.0*pi
.0*w1)) then
-imp(i+elnumc,dum2(j))*klx
-imp(i+elnumc,dum2(j))*kly
-imp(i+elnumc,dum2(j))*klz

zdczx(klx,k1ly,klz,d,hh,1,w1,h1,i1,i2,2)
zdczy(xlx,kly,klz,d,hh,1,w1,h1,i1,12,2)
zdczz(k1lx,k1y,k1z,d,hh,1,%1,h1,11,i2,2)

zdczx(klx,kly,k1z,d,hh,1,
zdezy(klx,kly,k1z,d,hh,1,
zdczz(klx,kly,klz,d,hh,l,

w1,h1,i1,1i2,z)
wi,h1,il1,i2,z)
wi,hi,i1,1i2,z)

endif
imp(dum2(j) ,i+elnumc)=2z12

endif

if (jfl.eq.1) then

calculate interacti

current and dielect
current is x,y,z di

wi=uq*pi

hi=hf#*2. 0%pi
jj=j-4*mci-1
htj=(jj-1)*ht
d=(il*1x-1x/2.0+x

on between microstripline

ric currents if dielectric
rected call zdczx,y,z resp.

d0-xs0)*2,0#pi

hh=-((ih+1)*1y-1y/2.0)*2.0*pi

1=((iw+1)*1z-12z/2.

i1=0.0

i2=1.0

if (it.eq.0) call
it (it.eq.1) call
if (it.eq.2) call
212=z12+z

11=1.0

12=0.0

1=1-hi

if (it.eq.0) call
if (it.eq.1) call
it (it.eq.2) call
z12=z12+2

0-hfj)#2.0%pi

zdczx(klx,kly,klz,d,hh,1,w1,h1,i1,i2,2)
zdczy(klx,kly,klz,d,hh,l,wl,h1,11,12,2)
zdczz(klx,kly,klz,d,hh,1,w1,h1,1i1,i2,2)

zdczx(klx,kly,klz,d,hh,1,w1,ht,i1,i2,2)
zdczy(klx,kly,klz,d,hh,l,wi,hi,ii,iz.z)
zdczz(klx,kly,klz,d,hh,1,w1,h1,11,i2,2)

imp(dum2(j),i+elnumc)=z12

endif

if (jyl.eq.1) themn
calculate interaction between lower plate x-directed
conductor current and dielectric currents if dielectric

current is x,y,z di

rected call zdczx,y,z resp.
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jj=int ((j-2*me1-1)/ncl)+1

jp=j-2*mct

wi=lcx#+pi

hi=hu(jp)*2.0*pi
d=(i1#1x-1x/2.0+xd0-(jp-(jj-1)*ncl)*lcx+lcx/2.0)*2.0*pi
hh=((ih+1)*1y-1y/2.0)#2.0*pi
1=(((iw+1)*1z-12/2.0)-(jj-1)*1cz)*2.0*pi

if (abs(d).gt.(15.0*wi)) then

i? (it.eq.0) z12=-imp(i+elnumc,dum2(j))+*klx
if (it.eq.1) z12=-imp(i+elnumc,dum2(j))*kly
if (it.eq.2) z12=-imp(i+elnumc,dum2(j))+*klz

.0
if (it.eq.0) call zdczx(klx,kly,klz.d,hh,l,wi,hi,11,12,2)
it (it.eq.1) call zdczy(klx,kly,klz,d,hh,l,wl,hi,11,i2,z)
if (it.eq.2) call zdczz(klx,kly,k1lz,d,hh,1,¥1,h1,1i1,12,2)
212=2z12+z
i1=1.0
i2=0.0
1=1-hil
hi=zhu(jp+ncl)*2.0%pi
if (it.eq.0) call zdczx(x1x,kly,k1z,d,hh,1,%1,h1,11,i2,2)
if (it.eq.1) call zdczy(klx,kly,klz,d,hh,l,wi,h1,11,12,2)
if (it.eq.2) call zdczz(klx,kly,klz,d,hh,l,wi,h1,11,12,2)
z12=z12+2

endif
imp(dum2(j),i+elnumc)=2z12
endif
if (jyu.eq.1) then
investigate interaction between upper plate x-directed
conductor current and dielectric currents
jj=int ((j-3*mc1-1)/ncl)+1
jp=j-(2*jj~-1)*ncl-2»mcl
aj=j-2%jj*ncl
if ((iw+1).gt.nw) then
ai=i-(2*(iw+1-nw)-1)*nld

else
ai=i+(2*(nw-(iw+1))+1)*nld
endif

it (sym.eq.0) then
no symmetry
calculate interaction between upper plate x-directed

conductor current and dielectric currents if dielectric
current is x,y,z directed call zdczx,y,z resp.

wi=lcx#*pi

hi=hu(jp)*2.0*pi
d=(i1%*1x-1x/2.0+xd0-{j-3*mc1-(jj-1)*ncl)*lcx+lcx/2.0)*2,.0+pi
hh=((ih+1)*1y-1y/2.0)*2.0%pi
1=(((iw+1)*1z-12/2.0)-((jj)*lcz+wdth+wf-hu(jp)))*2.0*pi
if (abs(d).gt.(16.0%v1)) then

if (it.eq.0) z12=-imp(i+elnumc,dum2(j))*klx

if (it.eq.1) z12=-imp(i+elnumc,dum2(j))*xly

it (it.eq.2) z12=-imp(i+elnumc,dum2(j))=*klz

21230

i2=1.0

if (it.eq.0) call zdezx(klx,kly,k1z,d,hh,1,%1,h1,41,i2,2)

if (it.eq.1) call zdczy(klx,kly,klz,d,hh,l,wi,hi,11,12,2)
if (it.eq.2) call zdczz(k1x,kly,klz,d,hh,1,w1,ht,i1,1i2,2)
By
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12=0.0

1=1-hi

hi=hu(jp-ncl)*2.0%pi

if (it.eq.0) call zdczx(klx,kly,k1z,d,hh,1,%1,h1,i1,i2,2)
if (it.eq.1) call zdczy(klx,kly,klz,d,hh,l,wi.hi,11,12,z)
if (it.eq.2) call zdczz(k1lx,kly,klz,d,hh,1,w1,h1,11,i2,z)
z12=212+2

endif

else

if (it.eq.0) z12=-imp(dum2(aj),ai+elnumc)

if (it.eq.1) z12=-imp(dum2(aj),aitelnumc)

it (it.eq.2) z12=imp(dum2(aj),ai+elnumc)

endif
imp(dum2(j),i+elnumc)=z12
endif

continme
return
end
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subroutine £ildd(1x,ly,1z,imp,nl,nh,

+ nw,mi,m2,epsr,trcq,elnnmc,n)
real pi,lx,ly,1z,d,hh.1,cpsr,treq,
+ klx,kly,klz,mlt

complex imp(n,n),zi2,pl
integer i,j,nl,nh.nw,mi,mz,jt,it,jl,il.jw,iw,aym,ok,np,
+ is,js,elnumc,n,jh,ih

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccCCCCCCCCCCCCCCCCCCCCCCCCCCCCcc

Subroutine filcd computes the dielectric-dielectric
interactions of the impedance matrix (submatrix D)

c
c

called by: mom c
c

c

calls: zxx, zXy, ZXz, zJy, Zyz, 2ZZ, SBYmXX, SymXy, symxz,
symyy, symyz, syhzz c
c

yinz
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

pi=atan(1.0)#*4.0
k1x=2.0*pi*lx
kly=2.0*pisly
k1z=2.0*pi*lz
p1=(0.0,1.0)
np=elnumc
sym=1
do 10 j=1,3*m2
do 10 i=1,3*m2
initialize
ok=0
mult=1.0
check obvious symmetry
if (j.gt.1) then
imp(j+nP,i+np)=imp(i+np,j+np)

else
determine locations of the currents i, h]

jt=int ((j-1)/m2)
jh=int ((j-jt*m2-1)/m1)
jw=int ((j-jt*m2-jh*mi-1)/nl)
j1=j-jt*m2-jh*m1-jw*nl
it=int((i-1)/m2)
jh=int((i-it*m2-1)/m1)
iw=int((i-it*m2-ih*m1—1)/nl)
il=i-it*m2-ih*mi-iw*nl
determine |r-r’l
d=(j1-11)*xlx
hh=(ih-jh)*kly
1=(jw-iw)*klz

it ((jt.eq.o).and.(it.oq.o)) then
both currents in x-direction
it (sym.eq.1) then
check symmetry
call symxx(j,i,jt,jh,jw,jl,it,ih,iw,il,nl,nw,nh,jl,is,ok,mult)

iteggizymmetry calculate interaction
if (ok.eq.0) call zxx(x1x,kly,k1lz,d,hh,1,2z12)
endif
it ((jt.eq.0).and.(it.eq.1)) then
this interaction is zero for one y segment
if (sym.eq.1) then
call symxy(j.i,jt,jh,ju,jl,it,ih,iw,il,nl,nl,nh.js,is,ok,mult)

en
if (ok.eq.0) call zxy(klx,kly,klz,d,hh,l,ziz)
z12=0.0
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endif

if ((jt.eq.0).and.(it.eq.2)) then
currents in x and z direction
if (sym.eq.1) then
check symmetry
call aymxz(j,i,jt,jh,jw,jl,it,ih,iv,il,nl,nn,nh,js,is,ok,mult)

endif

if (ok.eq.0) then

it ((ags(d).lt.klx).or.(ubs(l).lt.klz)) then
z12=

else
if no symmetry calculate interaction

call zxz(klx,kly,klz,d,hh,1,z12)
endif
endif
endif
if ((jt.eq.l).and.(it.eg.i)) then
both currents in y-direction
if (sym.eq.1) then
check symmetry
c;;} uymyy(j,i,jt,jh,jw,jl,it,ih.iw,il,nl,nw,nh,jl,il,ok,mult)
. o

e

if no symmetry calculate interaction
if (ok.eq.0) call zyy(klx,kly,klz,d,hh,l,zi2)
endif

if ((jt.eq.1).and.(it.eq.2)) then
if (sym.eq.1) then
call symyz(j,i,jt,jh,jw,jl,it,ih,iw,il,nl,nw,nh,js,is,ok,mult)

endi

if (ok.eq.0) call zyz(klx,kly,klz,d,hh,l,zi2)
z12=0.0

endif

if ((jt.eq.2).and.(it.eq.2)) then
both currents in z-direction
if (sym.eq.1) then
check symmetry
call symzz(j,i,jt,jh,jw,jl,it,ih,iw,il,nl,ny,nh,js,is,ok,mnlt)
endif
if no symmetry calculate interaction

if (ok.eq.0) call zzz(k1x,kly,klz,d,hh,1,z12)
endif

if (ok.eq.1) then
use symmetry data to get the interaction
imp(j+np,i+np)=mult*imp(js+np,is+np)

else
imp(j+np,i+np)=z12
if (j.eq.i) then
add the self term from the field equality equation
imp(j+np,i+np)=imp(j+np,i+np)+
+ p1#120.0%pi/(epsr-1.0)

endif
endif

endi 4
10 continue
do 20 j=1,3*m2
do 20 i=1,3*m2
multiply with the definition constants
if ((i.ge.1).and.(i.le.m2)) then

zxg§g+np.i+np)=imp(J+np,i+np)/(k1y*klz)
if ((i.gt.m2).and.(i.le.(2*m2))) then
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20

imp (j+np,i+np)=imp(j+np,i+np)/(k1lx+klz)

daif
220401 gt (2+m2)) .and. (4.1e.(3%n2))) then
imp(j+np,i+np)=imp(j+np,i+np)/(klx+kly)
endif
continue

return
end
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subroutine cgrad(imp,vlt,n,nu,cr)
real x1,x2,x3,tol,bk,alpha,c
complex imp(m,n),cr(n),vlit(n),
+ p(n),r(n),temp(n)
integer i,j,n,nu
CCCCCCCCCCCCCECCCCCCCCEECCCCCCCCCCLeCEeeeeceececeececeececececcceeecce
Subroutine cgrad solves nu by nu MoM matrix equation c

called by: mom

0000

calls: atrcgp, adot, uap, uapr
CCCCCCCCCCCecCECCECeeCCCCCECCCCECCLEeeeecceeceeecceececececececceececceeece

initialize the error and solution vectors
c=1.e-
do 10 j=1,nu
r(j)=vit(j)
cr(j)=0.0
10 continue
calculate initial error norm
call adot(n,nu,r,r,x1i)
tolerance=c* initial error norm
tol=c*sqrt(x1)
write(6,*) ’initial error=’,sqrt(xi)
¢ calculate transpose conjugate of A times r ( =p )
call atrcgp(n,nu,imp,r,p)
c iterate
do 30 i=1,2*n

¢ calculate transpose conjugate of A times r ( =temp )
call atrcgp(n,nu,imp,r,temp)

¢ calculate norm of temp = x2
call adot(n,nu,temp,temp,x2)

c
gDIRQ NOVECTOR

¢ calculate A times p
do 101 j2=1,mm
temp(j2)=0.0

101 continue
do 301 j2=1,nu

CDIRC VECTOR

do 201 i2=1,nu

temp(j2)=temp(j2)+imp(j2,12)*p(i2)
201 continue
301 continue
calculate norm of temp = x3
call adot(n,nu,temp,temp,x3)
alpha=x2/x3
call uap(n,nu,cr,alpha,p)
alpha=-alpha
¢ calculate new r (error) vector
call nap(n,nu,r,alpha,temp)
¢ check error norm against tolerance
call adot(n,nu,r,r,x1)
if (sqrt(xi).1t.tol) then

itno=i
goto 60

endif

¢ calculate transpose conjugate of A times r ( =temp )
call atrcgp(n,nu,imp,r,temp)

¢ calculate norm of temp = x3
call adot(n,nu,temp,temp,x3)

bk=x3/x2
¢ calculate new p vector

(e Nele NeRoNeReNeNe e}

2]

[4]
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c
c
c
c
C

30

80
62

call uapr(n,nu,temp,p,bk)

continue

write(8,*) 2#n,’iterations without result’
goto 62

write(6,*) ’ no of iterations = ’,itno
continue

write(8,*) ’error now = ’,sqrt(xi)

return

end

subroutine atrcgp(m,nu,im,x,y)
complex im(n,n),x(n),y(n)
integer n,i,j,nu

calculates the multiplication of transpose conjugate of A (nu by nu)
with x, puts result into y vector

DIR® NOVECTOR
do 11

CDIRC

0o 0o aon [+ Ns X2} [21¢]

anon

s

[ =]

i=1,nu
y(1)=0.0
VECTOR
do 10 j=1,mu
y(i)=y(i)+conjg(im(j,1i))*x(])
continue
continue
return
end

subroutine uapr(n,nu,temp,p,bk)
real bk

complex temp(n),p(n)

integer n,i,nu

calculates p=temp+bk*p , bk is a constant

10

do 10 i=1,nu
p(i)=temp(i)+bk*p(i)

continue
return
end

subroutine adot (n,nu,r,s,t)
real t
complex r(n),s(n)

calculates the dot mmltiplication of r and s

10

integer n,i,nu

t=0.0
do 10 i=1,nu
t=t+conjg(r(i))*s(i)

continue
return
end

subroutine uap(n,nu,u,a,p)
real a

complex u(n),p(n)

integer n,i,nu

calculates u_new = u_old + a » p , a is a constant

10

do 10 i=1,nu
u(i)=u(i)+a*p(i)
continue

return

end
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subroutine partot(d,hh.wi,hli,h21,w2,h12,h22,212)
real d,hh,'i,h11,h21,w2,h12,h22,111,i21.112,122
complex z,z12

G ccecececeectteeeceeecceeeCCeCteeeCCeCCCCCCCECCEECTCCCCCCCCCeeeceecee
c Subroutine partot calculates the mutual impedance c
¢ Dbetween two coplanar parallel surface dipoles i and b} c
¢ Dipole i extends from monopole i1 to i2 whereas c
¢ Dipole j extends from monopole ji to j2 c
c c
¢ called by: filcc c
c c
c calls: par c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

i11=0.0

i21=1.0

112=0.0

122=1.0

c calculate the first monopole interaction ii-j1
call pnr(ili,i21.112,122,d,hh,w1,h11,w2,h12,z)
z12=z
il11=1.0
121=0.0
hh=hh-hi1i

c calculate the second monopole interaction i2-j1
call par(111,121,112,i22,d,hh,w1,h21,w2,h12,z)
z12=z12+z
112=1.0
122=0.0
hh=hh+h12

¢ calculate the third monopole interaction i2-j2
call par(iii,121,112,122,d,hh,w1,h21,w2,h22,z)
z12=212+2
i11=0.0
i2i=1.0
hh=hh+hi1

¢ calculate the fourth monopole interaction i1-j2
call par(ili,121,112,122,d,hh,11,h11,w2,h22,z)

z12=z12+2
return
end
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subroutine par!tot(d,hh,l,wi,hii,h21,w2,h12,h22,zi2)
real d,hh,wi,h11,h21,12,h12,h22,111,121,112,122,1
complex z,z12
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Subroutine partot calculates the mutual impedance <
between two non-planar parallel surface dipoles i and j c
Dipole i extends from monopole i1 to i2 whereas c
Dipole j extends from monopole j1 to j2 <
c
c

called by: filcc

c
calls: parf c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

i11=0.
1=1.0

2=0.0

2=1.0

ate the first monopole interaction ii-j1

part(iii,121,112,122,d,hh,1,w1,h11,w2,h12.z)

NANOOO0 00 000

o
o
o
PN Q-
té. DI

1
¢ calculate the second monopole interaction i2-j1
call part(iii,121,112.122,d,hh,1,w1,h21,=2,h12,z)
z12=2z12+z
i12=1.0
22=0.0

i22
hh=hh+h12
¢ calculate the third monopole interaction i2-j2

call part(iii,121,112.122,d,hh,1,w1,h21,w2,h22,z)
z12=212+2
111=0.0

i21=1.0
hh=hh+hi}i

¢ calculate the fourth monopole interaction i1-j2
call part(iii,121,112,122,d,hh,l,wi,hii,wz,hzz,z)

z12=z12+z
return
end
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subroutine ortot(d,hh,wi,hii,h21,wi2,922,h2,z12)
Teal d,hh,wi,hii,h21,w12,w22,h2,i11,i21,112,i22
complex z,z12

i12=0.0

i22=1.0

calculate the first monopole interaction izi-jxi
call orthog(iii,121,112,122,d,hh,'1,h11,112,h2,z)

12=2
11:1.0

i21=0.0
hh=hh-h11

calculate the second monopole interaction iz2-jx1
call orthog(ili,121,112,122,d,hh,w1,h21,w12,h2,z)
z12=z12+z
i12=1.0
122=0.0
d=d+wl2+w22

calculate the third monopole interaction iz2-jx2
call orthog(ili,121,112,122,d,hh,w1,h21,w22,h2,z)
z12=z12+z
i11=0.0
i21=1.0
hh=hh+h1i

calculate the fourth monopole interaction izi-jx2
call orthog(iil,i21,ii2,i22,d,hh,w1,h11,w22,h2,z)

z12=212+z
return
end

135

CCCCCCCCCCECECCCEceececeeeeeeeeceeceececececeeececceceeeccececcececceccceece
Subroutine ortot calculates the mutual impedance c
between two coplanar perpendicular surface dipoles i and j c
Dipole i extends from monopole izl to iz2 whereas <
Dipole j extends from monopole jx1 to jx2 c

c

called by: filcc c

c

calls: orthog c

CCCCCCCCCCCCCCEECCCCCCCCCCCCeeceeeccecceecececeeceececceeceeccecececcecece
i11=0.0
i21=1.0



subroutine orttot(d,hh,l,vl,h11,h21,w12,w22,h2,212)
real d,hh,wi,h11,h21,v12,%22,h2,111,121,i12,322,1
complex z,zl12
€CCCCCCCCECCCCCCCECECCCECCEeeeeeceeecececeeeeceeceeecceeceecceecccecceee
Subroutine orftot calculates the mutual impedance c
between two non-planar perpendicular surface dipoles i and j c
Dipole i extends from monopole izl to iz2 vhereas c
Dipole j extends from monopole jxi to jx2 c
c

called by: filcc

calls: orf
cccéec 2ic2Ltcccecececceccecceceeeeteceececeeeceeecceeecceececeeee
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¢ calculate the second monopole interaction iz2-jx1
call orf(i11,121,112,i22,d,hh,1,¥1,h21,¥12,h2,2)
z12=212+z
i12=1.0
122=0.0
d=d+wi12+w22

¢ calculate the third monopole interaction iz2-jx2
call orf(i11,i21,i12,122,d,hh,1,¥1,h21,%22,h2,z)
z12=z12+z
i11=0.0
i21=1.0
hh=hh+h11

¢ calculate the fourth monopole interaction izi-jx2
call orf(i11,i21,112,i22,4,hh,1,%1,hi1,%22,h2,z2)
z12=2z12+2z
return

end
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subroutine par(iii,121,112,122,d,hh,w1,h1,w2,h2,z12)
real pi,111,121,112,i22,d,hh,h1,w1,kd,kwi.khl,khh,ab(s),
+ 5:mma,x1,x2,y1,y2,51,s2,a(2),h2,w2,kh2,kw2,
+ z1(3),z2(3) ,b(2)
complex z12,z,pl,zd
integer i,flag,j,ng
CCCCCEECCCCCCeCCEEceeeeeeecececeececcceceeccecgeeceecceceeecceecceccecece
Subroutine par calculates the mutual impedance c
between two coplanar parallel surface monopoles i and j

a0

c
c
called by: partot c
c

calls: gqid, funil, ffi, ££2, fun2, f££3, 14, ff, zz, c

gauu2, gaus4, aus6, gaus24 c

ccecccccecdecceccicececccéccececécceccececececeeecceecececceccececcecced
calculate the constants and initialize

p1=(0.0.1.0)
pi=atan(1.0)#4.0
kd=2.0%pi*d
kw1=2,0%pirwl
kw2=2,0%pi*w2
kh1=2.0#pi*hi
Xh2=2.0+pi*h2
khh=2,0*pi*hh
a(1)=-i11+i21*cos(khil)
a(2)=i11*cos(kh1)-1i21
b(1)=khh-khi
b(2)=khh
ab(1)=kwi+ke2-kd
ab(2)=2.0*kw2

if (wi.1t.w2) then
ab(2)=2.0*kwl

endif
ab(3)=kwi+kw2+kd
x1=0.0

x2=kh2

yi=abs (kwl-kv2)
y2=kwi+kw2
81=-y2

82=y2
z1(1)=-y2
z2(1)=-y1
z1(2)=-y1
z2(2)=y1
z1(3)=y1
z2(3)=y2
gamma=7 .60/ (kwi*kw2#sin(khi)*sin(kh2))

z12=0.0
=24

if (abs(d).gt.(2.0%(wi+w2)/2.0)
if (abs(d).gt.(4.0*(w1+w2)/2.0)
if (abs(d).gt.(6.0%(wi+w2)/2.0)

c
¢ calculate the mutual impedance

do 10 i=1,2

flag=1

call gqld(khh,kh1,kh2,kd,z,xl,x2,ab,zi,22,
+ xwl,kw2,112,i22,b(1) ,f1ag,ng)
z12=z12+z*a(i)

flag=2

zd=0.0

do 17 j=1,3

[ TeNels NeBEeNeNeNele Mt
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000

ra
o~

10

10

if (z1(j).eq.z2(j)) goto 17
call gqld(khh,khl,kh2,kd,z,zl(j),z2(j),ab,zi,z2,
+ xwi,kw2,112,122,b(i),f1lag,ng)

z12=z12+z*a(i)
continue

continue
z12=z12+gamma*(-p1)
return

end

gqid - calculates integral in one dimension
subroutine gqid(khh,khi,xh2,kd,z,x1,x2,ab,z1,2z2,

+ kvi,kw2,112,i22,b,flag,ngaus)
real xd,x1,x2,kv1,kw2,xm,xr,pl,p2,x(24),w(24) ,dx,i12,
+ khh,i22,kh1,kh2,lb(3),zi(3),z2(3),b,dilt,pi

complex z,ri,r2
integer j,flag,ngaus

if (ngaus.eq.24) call gaus24(x,w)
if (ngaus.eq.8) call gausé(x,w)
if (ngaus.eq.4) call gaus4(x,w)
if (ngaus.eq.2) call gaus2(x,w)
xm=0.50*(x1+x2)

xr=0.50%(x2-x1)

z=0.0

do 10 j=1,ngaus

dx=xr*x(j)

pl=xm+dx

p2=xm-dx

if (flag.eq.1) then

call funi(khh,khi,kh2,kd,x1,x2,ab,z1,z2, kvl kv2,112,i22,b,p1,r1)
call funi(khh.khl,kh2,kd,11,x2,ab,zl,z2,kw1,kw2,i12,i22.b.p2.r2)

else

call fun2(khh,khi,kh2,kd,x1,x2,ab,z1,z2,kvl kw2,1i12,122,b,p1,r1)
call Iun2(khh,kh1,kh2,kd,x1,xZ,ab,zl,z2,kwi.k'2,112,i22,b,p2,r2)
endif

z=z+w(j)*(r1+r2)

continue
Z=XI*Z
return
end

funi calculates the integrand of first integral

subroutine funi(khh,khi,kh2,kd,x1,x2,ab,z1,z2,kwl, kw2,
+ i12,i22,b,x,z12)

real xd,b,kwl,kw2,112,i22,x,x1,x2,ab(3),z1(3),z2(3),
+ khi ,kh2,khh

complex z,pl,z12

integer j

z12=0.0

p1=(0.0,1.0)

call f££1(kd,b,z1(1),z2(1),x,z,kh2,i12,i22)
z12=z12+z

call £f1(xd,b,z1(3),z2(3),x,2z,kh2,i12,1i22)
z12=z12-2

do 10 j=1,3

call ££2(kd,b,z1(j),z2(j),x,z,xh2,i12,122)
z12=z12+ab(j)*z

continue

z12=z12+p1

return

end

subroutine ££1(kd,b,y1,y2,x,z,kh2,112,122)
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real kd,b,yl,y2,x,kh2,i12,i22,¢1,c2,c3
complex z,pl

p1=(0.0,-1.0)

cl=8qrt ((kd+y2) »*2+(b+x)**2)

c2=8qrt ((kd+y1)**2+(b+x)**2)

call f£(x,kh2,112,i22,c3)
z=(cexp(pi*cl)-cexp(pl*c2))*c3

return

end

subroutine ££2(kd,b,y1,y2,x,z,kh2,1i12,i22)
real kd,b,yi,y2,x,kh2,i12,i22,c1,c2,c3
complex z,pl,c4,chb

p1=(0.0,-1.0)

cl=sqrt ((kd+y2)**2+(b+x)**2)
c2=8qrt ((kd+y1)**2+(b+x)**2)
call 2£(x,kh2,i12,i22,¢3)

if (c1.eq.(0.0)) then
c4=1.0

else
c4=cexp(pi*c1)*(kd+y2)/c1

endif

if (c2.eq.(0.0)) then
cb=1.0

else
cb=cexp(pi*c2)*(kd+y1)/c2

endif
z=(c4~cb)*pi*c3
return

end

fun2 calculates the integrand of 2nd integral

subroutine fun2(khh,khi,kh2,kd,x1,x2,ab,z1,z2,kwi, ku2,
+ i12,i22,b,x,z12)

real kd,b,kvi,kw2,112,122,x,x1,22,ab(3),21(3),22(3),
+ kh1,kh2,khh

complex z,pl,z12

z12=0.0

pi=(0.0,1.0)

call r£3(kd,b,kh2,x,z,i12,122)
z12=z12+z

call £f4(kd,b,kh2,x,z,i12,i22)
z12=z12-2z

if (x.1t.z1(2)) then
z12=212%ab(1)

endif
if ((x.ge.z1(2)).and.(x.1t.z2(2))) then
z12=z12*ab(2)

endif

if (x.ge.z2(2)) then

z12=z12*ab(3)

endif

z12=z12%p1

return

end

subroutine ££3(kd,b,kh2,x,2z,112,i22)
real  kd,b,kh2,x,112,122,¢1,c2,¢3,c4
complex z,pl,cb,cé

p1=(0.0,-1.0)

c1=8qrt( (kd+x)**2+(b+kh2)**2)
c2=8qrt ( (kd+x)**2+b**2)

call £f£(kh2,kh2,i12,122,c3)
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call ££((0.0),kh2,i12,i22,c4)
if (c1.eq.(0.0)) then

cb=c3
else
cb=cexp(pi*c1)*(b+kh2)*c3/cl

endif
if (c2.eq.(0.0)) then
c6=c4
else
c6=cexp(pi*c2)»b*cd/c2

endif

z=(cb-c6)*pi

return

end

subroutine f£4(kd,b,kh2,x,z,112,122)
real  kd,b,kh2,x,i12,122,c1,c2,c3,c4
complex z,pl

p1=(0.0,-1.0)

c1=sqrt ((kd+x)**2+(b+kh2)#*2)
c2=8qrt ((kd+x)**2+be*2)

call zz(xh2,kh2,i12,i22,c3)
call zz((0.0),kh2,i12,i22,c4)
z=cexp(pi*cl)#c3-cexp(pl*c2)*c4d
return

end

subroutine f£f(x,kw,112,1i22,y)
real x,kw,i12,122,y
y=i12+sin(kw-x)+i22*sin(x)
return

end

subroutine zz(x,kv,i12,i22,y)
real x,kw,112,i22,y
y=-112#cos (kw-x)+i22*cos(x)
return

end
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subroutine par!(iii,121,112,122,d,hh,t,w1,h1,=2.h2,zi2)

real pi,111,121,112,122,d,hh,h1,wi,kd,kwi,khi,khh,ub(s),

+ gamma,xi,x2,y1,y2,l1,l2,n(2),h2,w2,kh2,kw2,

+ z1(3),22(3),b(2),t ,kt ,dist

complex zl12,z,pl,zd

integer i,typ,flag,j,flag2

CCCCCCCCECCCCCECCCeceeeceecececceceececeeeeceeccegeceecececceececcccecee

Subroutine parf calculates the mutual impedance c
between two non-planar parallel surface monopoles i end j

c
c
called by: parftot c
c
c

calls: gg2df, gqidf, funif, funf3, f£i1f, ££2f, fun2f,
££3r, rf4r, 12, zzf, gausé c
ccecccecececceecececeeececceececececccéecececececcececeeccecececececececececcecececceec
calculate the constants and initialize

p1=(0.0,1.0)
pi=atan(1.0)#4.0
kd=2.0#pi*d
kwi=2.0*piswl
kw2=2.0%pi*w2
khi=2,0#*pis*hl
kh2=2.0*pi*h2
khh=2.0#pi*hh
Kt=2.0%pist
a(1)=-111+i21*cos(khl)
a(2)=i11*cos(kh1)-i21
b(1)=khh-khi
b(2)=khh
ab(1)=kwil+kw2-kd
ab(2)=2.0*kw2

if (vi.1t.w2) then
ab(2)=2.0*kwi

endif

ab(3)=kvl+kw2+kd

x1=0.0

x2=kh2

yi=abs (kwi-kw2)

y2=kwi+kw2

si=-y2

82=y2

z1(1)=-y2

z2(1)=-y1

z1(2)=-y1

z2(2)=y1

z1(3)=y1

z2(3)=y2

ganma=7 .50/ (kwi*kw2#*sin(khi)#*sin(kh2))
z12=0.0

flag2=0

dist=sqrt(d«*2+hh**2)

if (dist.ge.(100.0%abs(t))) flag2=1

c
¢ calculate the mutual impedance
c

do 10 i=1,2
if (flag2.eq.1) then
flag=1
call gqidf(kt,khh,khi, kh2,kd,z,x1,x2,ab,z1,22,
+ kwi,kw2,112,122,b(i),f1lag)
z12=z12+z*a(i)
flag=2
zd=0.0

AOO0O0 OO0 O00
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endif

do 17 j=1,3

if (z1(j).eq.22(j)) goto 17

if (flag2.eq.1) then

call gqidi(kt,khh,khi,kh2,kd,z.z1(j),z2(j),ab,zi,z2,
+ kwi,kw2,112,i22,b(i),11&3)

else
call gq2d1(kt,khh,khi,khz,kd,z,zi(j),z2(j),x1,x2,ab,zi,z2,
+ kwi,kw2,i12,i22,b(i),Ilag)

endif
z12=z12+z*a(i)
continue

continue
z12=z12+gamma* (-p1)
return

end

g2qdf - calculates integral in two dimensions

subroutine gq2d1(kt,khh,kh1,kh2,kd,z,xi,12,y1,y2.db,zi,z2,
+ xwi,kw2,112,i22,b,flag)

real kd,xl,12,k'1,kw2,xm,xr,p1,p2,x(24),w(24),dx,112,

+ khh,122,kh1,kh2,ab(3),21(3),22(3),b,dilt,pi,yi,y2,
+ ym,yr,dy,q1,92,kt

complex z,rl1,r2,r3,r4

integer j,flag,ngaus

pi=4.0*atan(1.0)
ngaus=6

call gausé(x,w)
xm=0.60%(x1+x2)
xr=0.60*(x2-x1)
ym=0.60%(y1+y2)
yr=0.50%(y2-y1)

z=0.0

do 10 j=1,ngaus

dx=xr*x(j)

pl=xm+dx

p2=xm-dx

do 11 i=1,ngaus

dy=yr*x(i)

ql=ym+dy

q2=ym-dy

call tunts(kt,khh.khi,khz,kd,xl,x2,ab,zi,zz,kw1,kI2,
+ i12,i22,b,q1,p1,r1)

call funf3(kt,kbh,khi,kh2,kd,x1,x2,ab,z1,2z2,kvl, kw2,
+ 112,i22,b,q1,p2,r2)

call funf3(kt,khh,khi kh2,kd,x1,x2,ab,zi,22,kwl kw2,
+ 112,i22,b,q2,p1,13)

call Iumis(kt,khh,khi,kh2,kd,xi,x2,ab.z1,22,kw1,kw2,
+ i12,122,b,q2,p2,r4)

z=z+w(j) *w(i)*(r1+4r2+4r3+14)

continue
continue
Z=XT*YTHZ

return
end

c
¢ glgdf - calculates integral in one dimension
c
subroutine gqidi(kt,khh,khi,khz,kd,z,xi,x2,ab,zi,z2,

-,
o=

o000

-
(=1

+ xwi,kw2,112,122,b,flag)
real kd,x1,x2,kvl,kw2,xm,xr,p1,p2,x(24),w(24),dx,112,
+ khh,i22,kh1,kh2,ab(3),21(3),22(3),b,dilt,pi,kt
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000

complex z,rl,r2
integer j,flag,ngaus

pi=4.0#atan(1.0)

ngaus=6

call gaus6(x,w)

xm=0.60%(x1+x2)

xr=0.60*(x2-x1)

z=0.0

do 10 j=1,ngaus

dx=xr*x(j)

pl=xm+dx

p2=xm-dx

if (flag.eq.1) then

call funif (kt,khh,kh1,kh2,kd,x1,x2,ab,z1,22,kwl, kw2,
+ i12,i22,b,p1,r1)

call funif(kt,khh,khi,kh2,kd,x1,x2,ab,z1,2z2,kwl ke2,
+ i12,122,b,p2,r2)

else

call fun2f(kt,khh,kh1,kh2,kd,x1,x2,ab,z1,22,kwl, kw2,
+ i12,i22,b,pi,r1)

call fun2f(kt,kbh,khi,kh2,kd,x1,x2,ab,z1,22,kvwl, k2,
+ i12,122,b,p2,r2)

endif
z=z+w(j)*(r1+r2)

10 continue
Z=XI*Z
return
end

funi calculates the integrand of first integral

subroutine fumif(kxt,khh,khi, kh2,kd,x1,x2,ab,z1,z2,kvi kw2,
+ i12,i22,b,x,z12)

real kd,b,kw1,kw2,i12,i22,x,x1,x2,ab(3),21(3),z2(3),

+ khi,kh2,khh,kt

complex z,pl,z12

integer j

z12=0.0
p1=(0.0,1.0)
call £fif(kt,kd,b,z1(1),z2(1),x,z,kh2,112,122)
z12=z12+2z
call ffif(kt,kd,b,z1(3),z2(3),x,z,kh2,i12,122)
z12=212-2z
do 10 j=1,3
call ££2f(kt,kd,b,z1(j),z2(j),x,z,kh2,i12,122)
z12=z12+ab(j)*z
10 continue
z12=z12*p1
return
end

funf3 calculates the integrand

subroutine funf3(kt,kxhh,kh1,kh2,kd,x1,x2,ab,z1,z2,kvl kw2,
+ i12,i22,b,y,x,212)

real kd,b,kv1,kv2,i12,122,x,x1,x2,ab(3),z1(3),z2(3),
+ xh1,kh2,khh, kt,y,cl,c2

complex z,pl,z12

integer j

z12=0.0

p1=(0.0,1.0)

call £££(y,kh2,112,i22,c2)

c1=8qrt ((kd+x)#«*2+(b+y) *#2+kt**2)
z12=cexp(-pi*ci)*c2/cl
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if (x.1t.z1(2)) then
z12=z12* (x+kwi+kw2)

;t ((x.ge.z1(2)).and.(x.1t.22(2))) then
z12=z12*%ab(2)

endif
if (x.ge.z2(2)) then
z12=212%(-x+kwi+kw2)

endif

return

end

subroutine ff1f(kt,kd,b,y1,y2,x,z,kh2,112,i22)
real kd,b,y1,y2,x,kh2,112,122,¢c1,c2,c3,kt

complex z,pl

p1=(0.0,-1.0)

c1=8qrt ((kd+y2)##2+(b+x)**2+kt*#2)
c2=8qrt ((kd+y1)*#2+(b+x) *#2+kt**2)
call £££(x,kh2,i12,122,¢3)
z=(cexp(pi*cl)-cexp(pi*c2))*c3

return

end

subroutine ££2f(xt,kd,b,y1,y2,x,z,kh2,i12,i22)
real kd,b,yl,y2,x,kh2,112,i22,c1,c2,c3,kt

complex z,pl,c4,cb

p1=(0.0,-1.0)

c1=8qrt ((kd+y2)*+2+(b+x)**2+kt**2)
c2=8qrt( (kd+y1) **2+(b+x) *#2+kt**2)
call £££(x,xh2,i12,i22,c3)

if (cl.eq.(0.0)) then

c4=1.0

else

cd=cexp(pincl)*(kd+y2)/cl

endif
if (c2.eq.(0.0)) then
cb=1.0

else
cb=cexp(pi*c2)*(kd+yl)/c2

endif
z=(c4-cB)*p1*c3
return

end

fun2f calculates the integrand of 2nd integral

subroutine fun2f(kt,khh,khi, kh2,kd,xi,x2,ab,z1,22,kvl kw2,
+ i12,i22,b,x,2z12)

real kd,b,kwi,kw2,112,122,x,x1,x2,ab(3),z1(3),22(3),
+ khi,kh2,khh,kt

complex z,pl,z12

z12=0.0

p1=(0.0,1.0)

call ££3f(kxt,kd,b,kh2,x,z,i12,i22)
z12=z12+z

call ff£4f(kt,kd,b,kh2,x,2z,112,i22)
z12=z12-2z

if (x.1t.z1(2)) then

z12=z12%ab(1)

endif
it ((x.ge.z1(2)).and.(x.1t.z2(2))) then
z12=z12*ab(2)

endif
if (x.ge.z2(2)) then
z12=212*ab(3)
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endif

z12=212%p1

return

end

subroutine f££3f(kt,kd,b,kh2,x,z,112,i22)
real kd,b,kh2,x,i12,i22,c1,¢2,¢c3,c4,kt
complex z,pl,chb,cé

p1=(0.0,-1.0)

c1=sqrt ( (kd+x)**2+(b+kh2) **2+kt**2)
c2=8qrt ( (kd+x)**2+b**2+kt**2)

call f££f(kh2,kh2,112,i22,c3)

call £££((0.0),kh2,112,122,c4)

if (c1.eq.(0.0)) then

cb=c3

else

cb=cexp(pi*ci)*(b+kh2)*c3/c1

endif

it (c2.eq.(0.0)) then
cB=c4

else
c6=cexp(pi*c2)*b*c4/c2

endif
z=(cb-c8)*pl
return

end

subroutine £f£4f(kxt,kd,b,kh2,x,z,i12,122)
real kd,b,kh2,x,112,132,¢c1,¢2,c3,c4,kt
complex z,pl

p1=(0.0,-1.0)

c1=8qrt ((kd+x)**2+(b+kh2) *»2+kt*+2)
c2=8qrt ( (kd+x) »*2+h*2+kt**2)
call zzf(kh2,kh2,i12,122,c3)
call zz£((0.0),kh2,112,122,c4)
z=cexp(pl*cl)*c3-cexp(pi*c2)*csd
return

end

subroutine fff(x,kw,112,1i22,y)
real x,kw,i12,1i22,y
y=112+sin(kw-x)+i22#*sin(x)
return

end

subroutine zzf(x,kw,i12,i22,y)
real x,kw,i12,i22,y

y=-112%cos (kw-x)+1i22*cos(x)

return
end
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subroutine ortho (111,121,112,122,d,hh,w1,h1,w2,h2,z12)
real pi,ill, 21,112,i22,d,bh,h1,w1,kd, kvl ,khl khh,

+ a(2),h2,%2,kw2,kh2,gamma,x1(3),x2(3),spt,cl
complex z12,z,cj
integer i,j,typ,flag,ng

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c

Subroutine orthog calculates the mutual impedance

between two coplanar perpendicular surface monopoles i and j

called by: ortot

calls: gqldo, funo, conso, gaus2, gan¢4, gaulﬂ, Eaus24
cceeccccecéceceeccceeceeccecceeceeccceccicccecceleccece

calculate the constants and initialize

pi=atan(1.0)#4.0

kd=2.0#pird

kwl=2.0*pi*wl

kw2=2.0%pi*w2

kh1=2.0#pishi

kh2=2.0#pi*h2

khh=2.0#pi*hh

a(1)=-i11+i21#cos(kh1)

a(2)=-i21+i11*cos(kh1)
gamma=-30.0/(2.0+kwi*kh2+#sin(2.0%kv2)*sin(kh1))

x1(1)=-(kwi+ks2)

x2(1)=-abs (kwi-kw2)
x1(2)=x2(1)

x2(2)=-x2(1)

x1(3)=x2(2)

x2(3)=-x1(1)

spt=-kd

z12=0.0

ng=24

if (abs(d).gt.(2.0%(w1+w2)/2.0
it (abs(d).gt.(4.0%(w1+w2)/2.0
if (abs(d).gt.(8.0%(w1+w2)/2.0

calculate the mutual impedance

do 10 i=1,2

flag=i

do 20 j=1,3

it (x1(j).eq.x2(j)) goto 20

call gqido(kd,khh,khi,kh2,z,typ,!lag,xi(j),x2(j),
+ kwil,kw2,i12,i22,spt,j,cj,ng)
z12=z12+z+*a(i)

call conso{kd,khh,khi, kh2,z,typ,f1lag,x1(j),x2(j),
+ kwi,kw2,112,122,lpt,j,c;g
z12=z12+z*a(i)

continue

continue

z12=z12*gamma

return

end

gqido - calculates integral in one dimension
subroutine gqido(kd,khh,khi,khz,z,typ,tlag,xl,x2,kwi,

Nt Nt Nt
et S st

L
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+ xw2,112,122,spt,m,cj,ngaus)
real kd,x1,x2,kv1,kw2,xm,xr,pl,p2,x(24),w(24) ,dx,
+ i12,122,khh,khi  kh2,pi,spt

complex z,rl,r2,cj
integer typ,j,flag,ngaus,m
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if (ngaus.eq.24) call gaus24(x,w)
if (ngaus.eq.8) call gausé(x,w)
if (ngaus.eq.4) call gaus4(x,w)
it (ngaus.eq.2) call gaus2(x,w)
xm=0.50*(x1+x2)

xr=0.650*(x2-x1)

2=0.0
do 10 j=1,ngaus
dx=xr+*x(j)

call Iuno(kd,khh,khi,kh2,typ,flag,kwi,kI2,112,i22,p1,r1,
+ x1,x2,spt,cj,m)

call funo(kd,khh,khi, kh2,typ,flag,kwl, kv2,i12,i22,p2,r2,
+ x1,x2,spt,cj,m)

z=z+w(j)*(r1+r2)

10 continue

ZEXT*Z

return

end

funo calculates the integrand of one dim. integral

subroutine funo(kd,khh,kh1,kh2,typ,flag,kwl kw2,i12,122,x,z,
+ x1,x2,spt,cj,m)

real kd,khh,khi,kh2,kw1,kw2,i12,i22,x,c1,c2,c3,c4,c6,

+ g0,103,104,x1,x2,spt

complex z,pl,cb,c7,cj
integer typ,flag,m

calculate the related parameters

p1=(0.0,-1.0)

c1=(2lag)-2.0

c2=khh+ci*khi

c3=sqrt ( (kd+x)**2+(c2+kh2)**2)
cd=sqrt ( (kd+x)**2+c2942)
£03=sqrt( (c2+kh2)**2)
£04=8qrt(c2+*2)
c6={cexp(pi*c3)-cexp(pl*cd))
c7=(cexp(p1*£03)-cexp(p1*£04))

if (m.eq.1) then
c6=i12*(cos(kw2-kwi-x)-cos(2.0*kw2))
cB=c6+122*(1.0-cos (x+kwi+kw2))
g0=112#(cos (kw2+kd-kwi)-cos(2.0*kw2))
g0=g0+1i22%(1.0-cos (kwi+kw2-kd))
endif

if (m.eq.2) then
if (kwi.gt.kw2) then

c6=(1.0-cos(2.0+kw2))*(112+122)
g0=cé

else
c8=112+(cos(kw2-kwi~-x)-cos(kw2+kwi-x))
cB=c6-122*(cos (kw2+kwl+x)-cos (kw2-kwi+x))
g0=112#(cos(kw2+kd-kw1)-cos (kw2+kwi+kd))
g0=g0-122+* (cos (kw2+kwi-kd)-cos (kw2-kwi-kd))
endif

endif

if (m.eq.3) then
c6=112#%(1.0~-cos(x-kwl-kw2))

c6=c8+122*(cos (x+kw2-kwl)-cos(2.0*kw2))
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50=112*(1.0—cos(-kw1-kw2-kd))
50=50+i22¢(cos(kw2-kw1—kd)—cos(2.0*kw2))
endif

if ((kd+x).eq.(0.0)) then
z=0.0

else

z=cb*c6
z=(z-cT*g0)/(kd+x)

endif

cj=cT»g0

return
end

conso calculates the extracted singularity of integral

subroutine conso(kd,khh,khl,kh2,z,typ.£1&g,xi,x2.
+ kwi,kw2,il2,i22,spt,j,cj)

real kd,khh,khi,kh2,xl,x2,kw1,kw2.112.i22,spt
complex z,cj

integer typ,flag,]

it (spt.eq.x1) then
z=1log(kd+x2)

else
if (spt.eq.x2) then
z=-1log(abs (kxd+x1))

else
z=1log(abs ( (kd+x2)/(xd+x1)))
endif

endif

z=z*Cj

return

end
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subroutine orf(ii1,i21,i12,122,d,hh,t,w1,h1,%2,h2,212)
real pi,i11,i21,i12,i22,d4,hh,h1,w1,kd,kvi, khi, khh,t,
+ a(2) ,h2,%2,kw2,kh2 ,gamma, x1(8),x2(3),kt
complex z12,z
integer i,j,typ,flag

CCCCCCECCCECCCCCCCCECCEECECCeeceeccecceececececeeecececcececcceccccecceece
Subroutine orf calculates the mutual impedance c
between two non-planar perpendicular surface monopoles i and j ¢

called by: orftot

calls: gqldof, funof, conso, ausé
ccececcecececeecceececececcececececcctececececcececececececceceeececceecececcccec

calculate the constants and initialize

pi=atan(1.0)*4.0
kd=2.0%pird
kwi=2.0%pi*wl
kw2=2.0%pi*w2
khi=2.0+pi*hi
kh2=2,0+pi*h2
khh=2.0%pi*hh
Kt=2.0#pist
a(1)=-i11+i21%cos(kh1)
a(2)=-i21+i11*cos(khil)
gamma=-30.0/(2.0+*kwi*kh2+*sin(2.0*xw2)+sin(kh1))

x1(1)=-(kwit+tkw2)
x2(1)=-abs (kwi-kw2)
x1(2)=x2(1)
x2(2)=-x2(1)
x1(3)=x2(2)
x2(3)=-x1(1)
z12=0.0

calculate the mutual impedance

do 10 i=1,2

flag=i

do 20 j=1,3

it (x1(j).eq.x2(j)) goto 20
call gqidot(kt,kd,khh,khi,kh2,z,typ,£1ag,xi(j),x2(j),
+ xwi,kw2,112,122,5)
z12=z12+z*a(i)

continue

continue

z12=z12+gamma

return

end

gqidof - calculates integral in one dimension

subroutine gqido!(kt,kd,khh,kh1,kh2,z,typ,tlag,xi,x2,kw1,
+ xw2,i12,122,m)

real kd,xi,x2,kwl,kw2,xm,xr,pi,p2,x(24),%(24),dx,
+ i112,i22,khh,kh1,kh2,pi, kt,dist

complex z,rl,r2

integer typ,]j,flag,ngaus,n

pi=atan(1.0)*4.0
aus=6

call gaus6(x,w)

xm=0.50%(x1+x2)

xr=0.50*(x2-x1)

z=0.0

do 10 j=1,ngaus

dx=xr*x(j)
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pl=xm+dx
p2=xm-dx
call tunot(kd,khh,khl,kh2,typ,tlag,kw1,kw2,112,122,p1,r1,
+ x1,x2,m,kt)
call funof(kd,khh,khi,kh2,typ,flag,kwi, kw2,i12,122,p2,12,
+ x1,x2,m,kt)
z=z+w(j)*(ri+r2)
10 continue
Z=XT*Z
return
end

funof calculates the integrand of one dim. integral

subroutine funof (kd,xhh,khi,kh2,typ,flag,kwi, kw2,i12,i22,x,z,
+ x1,x2,m,kt)

real kd,khh,khi,kh2,kwl,kw2,i12,i22,x,c1,c2,c3,c4,c6,

+ x1,x2,kt

complex z,pi,ch

integer typ,flag,m

calculate the related parameters

p1=(0.0,-1.0)

ci=flag-2.0

c2=khh+c1*khl

c3=8qrt ( (kd+x)**2+(c2+kh2) #*2+kt*+2)
c4=8qrt ( (kd+x)**2+c2##2+kt**2)
c6=(cexp(pi*c3)-cexp(pi*c4))

if (m.eq.1) then

c6=112+(cos (kw2-kwi-x)-cos(2.0%kw2))
c8=c6+122+(1.0-cos (x+kwi+kw2))

endif

if (m.eq.2) then

if (kwi.gt.kw2) then
c6=(1.0-cos(2.0*kw2) )*(i112+i22)

else
c6=112*(cos(kw2-kwi-x)-cos(kw2+kwi-x))
c6=c6-122*(cos (kw2+kwi+x)-cos (kw2-kwi+x))
endif

endif

if (m.eq.3) then
c6=112+(1.0-cos(x-kwi-kw2))
cB=cB+i22%(cos (x+kw2-kwl)-cos(2.0%kw2))
endif

z=cb*cB#*(kd+x)/ ((kd+x)#*2+kt*#2)

return
end
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subroutine zcdxx(kd,khh,kl,kw,kh,i1,12,212)
real i11,i2,kd, khh, k], kv, ,kh,x1,

+ x2,a(2) ,gamma

complex z12,2z,pi

integer i,j,flag,ngaus

ScccecceecceeceeceeeceeeeCeeCCecCCCCCCCECCECCCCCECCCCCCLCECCECCeCeeee
c Subroutine zcdxx calculates the interaction between x-directed ¢
c conductor and dielectric currents, which is Ex of the cond. c
¢ current <
¢ called by: filcd c
c c
c calls: gq1d20, fun20, gaus2, ausé c
gcccccccccc écceccecccceccdecceccéccececcecececececececeeccececceeccecececceee
¢ CALCULATE THE CONSTANTS AND IRITIALIZE

p1=(0.0,1.0)

gamma=-30.0/(kh*sin(2.0%kw))

a(1)=12%cos(2.0*kw) -1t

a(2)=-i2+i1%cos(2.0*kw)

x1=0.0

x2=

z12=0.0

aus=

if (kl.gt.(3.*kh)) ngaus=2
c
g CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,2

flag=2+i-3

call gq1d20(kw.kh,kd,khh,kl,xi,xZ.ngaus,tlag,z)

z12=z12+z+a(i)

10 continue

z12=2z12*gamma*p1i

return
c end
g GQ1D20 - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gq1d20(kw.kh,kd,khh,kl,xi,xZ,ngaus,tla »Z)

real xd,khh,kh,k1,x1,x2,xm,xr,p1,p2,x(24) ,w(24),dx kv

complex z,z1i,z2

integer i,flag,ngaus
c

if (ngaus.eq.2) call gaus2(x,w)
if (ngaus.eq.6) call gausé(x,w)
xm=0.50%(x1+x2)
xr=0.60%(x2-x1)
z=0,0
do 10 i=1,ngaus
dx=xr*x(i)
pl=xm+dx
p2=xm-dx
call fun20(kw,kd,khh,kx1,flag,pi,z1)
call fun20(kw,kd, khh,kl,flag,p2,2z2)
z=z+w(i)*(z1+22)
10 continue

ZSXTHZ
return
end

FUN CALCULATES THE INTEGRAND OF ONE DIMENSIONAL INTEGRAL

subroutine fun20(kw,kd,khh.,kl,flag,x,z)
real kw,kd,khh,kl,x,cl,c2,c3,cd
complex z,p1l

integer flag

ci=kl-x
c2=(f1lag)*kw

ano
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p1=(0.0,1.0)
¢3=kd+c2
c4=sqrt(c1--2+c3"2+khh"2)
z=-cexp(-pirc4)/c4

return

end
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subroutine zcdxy(kd,khh,kl,kw,kh,ii,12,212)

real i1,i2,kd,khh,k1,kv,kh,x1,gamnma,
x2,a(2)

complex z12,z,pl

integer i,j,flag,ngaus

CCCCCCCCCCCCCCCCCCCCCCCCCCeceeeececcececeeeeeeceeececececcecceccecececce
Subroutine zcdxy calculates the interaction between x-directed c
conductor and y-directed dielectric currents, c
which is Ey of the conductor current. c
current g
called by: filcd, filvltn c

c
calls: gqld21, fun2i, gaus2, ausé c
cececcececiécccceceeeccccicccecccecceeccececececeecceceececceeccecececce
CALCULATE THE CONSTANTS AND INITIALIZE
p1=(0.0,1.0)
gamma=-30.0/(kh*sin(2.0+*kv))
a(1)=1i2%cos(2.0%kw)-il
a(2)=-12+i1*cos(2.0%kw)
x1=0.0
x2=
z12=0.0
aus=6
if (xl.gt.(3.*kh)) ngaus=2
CALCULATE THE MUTUAL IMPEDAKRCE
do 10 i=1,2
flag=2*i-3
call gq1d21(kw,kh,kd,khh,kl,xi,xZ,ngaul,tltg,z)
z12=z12+z*a(i)
10 continue
z12=z12*gamma*pi
return
end
GQ1D21 - CALCULATES INTEGRAL IN ONE DIMENSION
subroutine gqid21(kw,kh,kd, khh,k1,x1,x2,ngaus,fl »Z)
real kd,khh,kh,kl,xl,x2,xm,xr,p1,p2,x(24),7(24 ,ax kv
complex z,z1,z2
integer i,flag,ngaus
if (ngaus.eq.2) call gaus2(x,w)
if (ngaus.eq.6) call gausé(x,w)
xm=0.60%(x1+x2)
xr=0.60*(x2-x1)
z=0.0
do 10 i=1,ngaus
dx=xr*x(i)
pl=xm+dx
pP2=xm-dx
call fun21(kv,kd,khh kl,flag,pi,zl)
call fun21(kw,kd,khh, kl,flag,p2,22)
z=z+w(i)*(z1+22)
10 continue
Z=XT*Z
Teturn
end
FUN21 CALCULATES THE INTEGRAND OF OFE DIMENSIONAL INTEGRAL
subroutine fun2i(kw,kd,khh,kl,flag,x,z)
real kw,kd,khh,kl,x,cl1,c2,¢c3,c4,cb
complex z,pil
integer flag

153



cl=kl-x

c2=(£lag)*kv

p1=(0.0,1.0)

c3=kd+c2

cd=sqrt (c1*#2+c3%#2+khh#*2)
cb=khh*#*2+c1%*2
z=khh+cexp(-pi*c4)*c3/(c4*cb)
return

end
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subroutine zcdxz(kd,khh,kl,kw,kh,i1,i2,212)
real 11,i2,kd,khh, k1l ,kw,kh,xl,gamma,

+ x2,a(2)

complex zi2,z,pi

integer i,j,ngaus,flag

gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c Subroutine zcdxz calculates the interaction between x-directed ¢
c conductor and z-directed dielectric currents, c
c which is Ez of the conductor current. c
¢ current ¢
¢ called by: filed, filvlt c
c c
c calls: gq1d22, fun22, gaus2, ausé c
gcccccccccc éceccaccececceecécecceccécececcececceeceeceeeceececceeccececececceee
< CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)
gamma=-30.0/(kh*sin(2.0+kw))
a(1)=i2+*cos(2.0%kw)-11
a(2)=-i2+i1*cos(2.0*kw)
x1=0.0

if (xl.gt.(3.*kh)) ngaus=2

CALCULATE THE MUTUAL IMPEDAKRCE
do 10 i=1,2
flag=2#i-3
call 5q1d22(kw,kh,kd,khh,kl,xl,xz,ngaus.tlug,z)
z12=z12+z*a(1)
10 continue
z12=z12*gamma*p1l
return
end

GQ1D22 -~ CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gqid22(kw,kh,kd,khh,kl,x1,x2, aus,flag,z)
real kd,khh,kh,kl,xl,12,xm,xr.pl,p2,x(22§.'(24),dx,kw
complex z,z1,z2

integer i,flag,ngaus

anon

aoon

if (ngaus.eq.2) call gaus2(x,w)
if (ngeus.eq.8) call gausé(x,w)
xm=0.50*(x1+x2)
xr=0,60%(x2-x1)

z=0.0
do 10 i=1,ngaus
dx=xr*x(i)
pi=xm+dx
p2=xm-dx
call fun22(kw,kd,khh,kl,flag,pl,z1)
call fun22(kw,kd, khh,kl,flag,p2,22)
z=z+w(i)*(z1+22)
10 continue
ZEXTHZ
return
end

FUN22 CALCULATES THE INTEGRAND OF ONE DIMENSIONAL INTEGRAL

subroutine fun22(kw,kd,khh,kl,flag,x,z)
real kw,kd,khh,kl,x,c1,c2,c3,c4,¢b
complex z,pl

integer flag

ci=kl-x

oan o
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c2=(flag)*kw

pi=(0. o 1.0)

c3=kd+c
c4-sqrt(ci**2+c3"2+khh"2)
cb=khh*#2+ci**2
z=cl%cexp(-pi#c4)*c3/(c4*chb)
return

end
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000

anon

anon

CECCCCCCCCCCCCCCCCCECCCCCECCCCCCCCeeecceeeeceececeeccccccee
Subroutine zcdzx calculates the interaction between z

+

subroutine zcdzx(kd,khh,kl,kw,kh,i1,i2,212)
real i1,i2,kd,kxhh,kl,kw,kh,x1,
x2,a(2) ,gamma
complex z12,z,pl
integer i,j,flag,ngaus

conductor and x-directed dielectric currents,

which is Ex of the conductor current.
current

called by: filed
calls: gq1d23, fun23, gaus2, aus6

ccecececccceellecececececececcececeeceececececee cececeeecceeeceececeeeceeceecececcecee

10

10

CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)
gamma=-30.0/(2.0*kwtsin(kh))
a(1)=12*cos(kh)-it
a(2)=-i2+i1*cos(xh)
xi=-kw
x2=-x1
z12=0.0

aus=6
if (kd.gt.(3.*kv)) ngaus=2

CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,2

flag=i

call gq1d23(kw,kh,kd,khh,kl,xi,x2,ngaul,tlag,z)
z12=z12+z*a(i)

continue

z12=z12+*gamma*pl

return

end

GQ1D23 - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gqid23(kw,kh,kd,khh,kl,x1,x2, aus,flag,z)
real kd,khh,kh,kl,xl,xz.xm,xr,pi,p2,x(2:§

complex z,z1,z2

integer i,flag,ngaus

if (ngaus.eq.8) call gaus6(x,w)

if (ngaus.eq.2) call gaus2(x,w)
xm=0.60%*(x1+x2)

xr=0,50*(x2-x1)

z=0.0

do 10 i=1,ngaus

dx=xr*x(i)

pl=xm+dx

p2=xm-dx

call fun23(kh,kd,khh,k1,flag,pi,z1)
call fun23(kh,kd,khh,k1,flag,p2,z2)
z=z+w(i)»(z1+22)

continue

Z=XIT*Z

Teturn
end

FUN23 CALCULATES THE INTEGRAND OF ONE DIMENSIONAL INTEGRAL

subroutine fun23(kh,kd,kbh,kl,flag,x,z)
real kh,kd,khh,kl,x,ci,c2,c3,c4,cb
complex z,pi

integer flag

ciz=kd-x
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c2=(f1ag-2)*kh

p1=(0.0,1.0)

c3=kl+c2

c4=nqrt(c1u2+c3"2+khh"2)

cBb=ci##2+khh#*#*2
=c1*cexp(—p1*c4)tc3/(c4tc5)

return

end
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ceeccececceecgceeececeeeceeecceeceeceecceecce
Subroutine zcdzy calculates the

+

subroutine zcdzy(kd,khh,kl,kw,kh.ii,12,212)
real i1,i2,kd,khh,k1,kw,kh,xl1,
x2,a(2) ,gamma
complex z12,z,pl
integer i,j,flag,ngaus

conductor and y-directed dielectric currents,
which is Ey of the conductor current.
current

called by: filcd, filvlitn
calls: gq1d25, fun26, aus2, gaus6

cccecceeccccdcecceeeeceecececcicccec

10

10

CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)
gamma=-30.0/(2.0*kv*lin(kh))
a(1)=1i2*cos(xh)-i1
a(2)=-1i2+i1*cos(kh)
xi=-kw
x2=-x1
212=0.0

aus=86

if (kd.gt.(3.*kw)) ngaus=2

CALCULATE THE MUTUAL IMPEDAKCE

do 10 i=1,2

flag=i

call gq1d25(kw,kh,kd,khh,kl,xi,x2,ngaul,1lag,z)
z12=z12+z+*a(i)

continune

z12=z12*gamma*pi

return

end

6Q1D26 - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gq1d25(kw,kh,kd,khh,kl,xi,x2,ngaus.tlug,z)
real kd,khh,kh,kl,xi,x2,xm,xr.p1,p2,x(24),'(24),dx,kw
complex z,z1,z2

integer i,flag,ngaus

if (ngaus.eq.2) call gaus2(x,w)

if (ngaus.eq.6) call gaus6(x,w)
xm=0.50*(x1+x2)

xr=0,60*(x2-x1)

z=0.0

do 10 i=1,ngaus

dx=xr*x(i)

pl=xm+dx

P2=xm-dx

call fun26(kh,kd,khh, kl,flag,pl,2z1)
call fun26(kh,kd,khh, kl,flag,p2,22)
z=z+w(i)*(z1+22)

continue

Z=XTHZ

return

end

FUN25 CALCULATES THE INTEGRAND OF ONE DIMENSIONAL INTEGRAL

subroutine fun26(kh,kd,khh,k1,flag,x,z)
real kh,kd,khh,kl,x,cl,c2,c3,c4

complex z,pl

integer flag

ci=kd-x
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c2=(flag-2)*kh
p1=(0.0,1.0)

c3=kl+c2

c4=8qrt (c1**2+c3++2+khh#*2)

z=khh#cexp(-pi*cd)sc3/(c4*(c1#+2+khh*+2))

return
end
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subroutine zcdzz(kd,khh,kl,kw,kh,i1,i2,212)
real i1,i2,kd,khh,kl,kw,kh,x1,

+ x2,a(2) ,gamma

complex z12,z,pl

integer i,j,flag,ngaus

SceccecececcececeeccceceteeCetecCCCeECCCCCECECCCCECEECCCCCCeCCCCecee
c Subroutine zcdzz calculates the interaction between z-directed c
c conductor and dielectric currents, which is Ez of the cond. c
8 current 8
¢ called by: filed, filvlt c
c c
c calls: gqid26, fun26, gaus2, gaus6 c
8cccccccccc gcceecececeeccecdcececcéececceccececececececececececeeccececcece
¢ CALCULATE THE CONSTANTS AND INITIALIZE

pi=(0.0,1.0)

gamma=-30.0/(2.0%kw*sin(kh))

a(1)=i2*cos(kh)-i1

a(2)=-i2+ii*cos(kh)

xi=-kw

x2=-x1

z12=0.0

aus=6

if (kd.gt.(3.%kw)) ngeus=2
c
g CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,2

flag=i

call gq1d26(kw,kh,kd,khh,kl,xi,x2,ngaul,flag,z)

z12=z12+z+a(i)

10 continue

z12=z12*gamma*pl

return
c end
g 6Q1D26 - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gq1d26(kw,kh,kd.khh,kl,xi,x2,ngaul,tlag,z)

real kd,khh,kh,k1,x1,x2,xm,xr,pl,p2,x(24),w(24),dx,kv

complex z,z1,z2

integer i,flag,ngaus
c

it (ngaus.eq.2) call gaus2(x,v)
it (ngaus.eq.6) call gaus6(x,v)
xm=0.50*(x1+x2)
xr=0,50%(x2-x1)

z=0.0
do 10 i=1,ngaus
dx=xr*x{i)
pl=xm+dx
p2=xm-dx
call fun26(kh,kd,khh,kl,flag,pl,z1)
call fun26(kh,kd,khh,k1,flag,p2,z2)
z=z+w(i)*(z1+22)
10 continue
Z=XT*Z
return
end

FUN26 CALCULATES THE INTEGRAND OF ONE DIMENSIONAL INTEGRAL
subroutine fun26(kh,kd,khh,kl,flag,x,z)

real kh,kd,khh,kl,x,cl1,c2,c3,c4d

complex z,pl

integer flag

oo o

cl=kd-x
c2=(flag-2)*kh
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p1=(0.0,1.0)

¢3=kl+c2
c4=lqrt(cl**2+c3*t2+khhtt2)
z=-cexp(-pi*c4)/ca

return

end
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subroutine zdcxx(klx,kly,klz,kd,khh,kl,kw,kh,ii,12,212)

real i1,i2,kd,khh,k]l,kw,kh,klx, kly,klz,rx,x2z

complex z12,z,pi

integer i,j,flag,nx,nz,napp,m
CCCCCCCCCCCCCEECCCCCCCCCCCCCECCeeeeeceeecceeeeeceececececececceeecceccceece

Subroutine zdcxx calculates the interaction between x~directed ¢
conductor and dielectric currents. g

called by: filde c

c

calls: zcdxx c
cec@etececEEECCCCeeecceceecCcceeceteceeeecceeeceecceeceeceecceceeececece

CALCULATE THE CONSTANTS AND INITIALIZE
p1=(0.0,1.0)

z12=0.0
if (abs(x1-0.5*kh).1t.(2.0+kh)) then

17 (abs(kd).gt.(4.%kw)) m=3
if (abs(kd).gt.(8.*kw)) m=2
if (abs(kd).gt.(12.#kw)) m=1

endif

if (abs(k1-0.6#*kh).gt.(2.0*kh)) m=3
it (abs(k1-0.5%kh).gt.(4.0*kh)) m=2
if (abs(k1-0.5*kh).gt.(6.0*kh)) m=1
if (klx.ge.klz) then
napg:int(klx/k1z+0.5)

nzs
nx=m*napp

else
napp=int (k1z/X1x+0.5)
nx=m
nz=m*napp
endif
CALCULATE THE MUTUAL IMPEDANCE
do 10 i=1,nx
do 10 j=1,nz
rx=kd-klx/2.+(i-0.5)+klx/nx
rz=k1l-k1z/2.+(j-0.5)*k1lz/nz
call zcdxx(rx,khh,rz,kw,kh,i1,i2,z)
z12=z12+z+klx*klz*kly/(nx*nz)
10 continue
z12=-z12/(kly*klz)
return
end

oo o000 0 a0 0 0o

an o
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subroutine zdcxy(klx,kly,klz,kd,khh,kl,kv,kh,il,i2,z12)
real ii,i2,kd,khh, k1 ,kw,kh,klx,k1y,k1z,1rx,rz
complex z12,z,pl
integer i,j,flag,nx,nz,napp,mn
CECCCCCCCCECCCECCCCCCCECCECECecceceeecceceeceeeeececeeecececcecceeccece
Subroutine zdcxy calculates the interaction between x-directed ¢
conductor and y-directed dielectric currents. c

called by: fildc

calls: zcdxy
€CCCCCCCCECECCTCCCCCCCEECCCECCeececeeeeceececceececeeceececcecceeccecce

CALCULATE THE CONSTANTS AND INITIALIZE
p1=(0.0,1.0)

z12=0.0
if (abs(x1-0.5+kh).1t.(2.0*kh)) then

=4
17 (abs(kd).gt.(4.#xw)) m=3
it (abs(kd).gt.(8.*kw)) m=2
if (abs(kd).gt.(12.%kw)) m=1

endif

if (abs(k1-0.6+kh).gt.(2.0*kh)) m=3
if (abs(x1-0.6+kh).gt.(4.0*kh)) m=2
if (abs(k1-0.5+kh).gt.(6.0*kh)) m=1
if (klx.ge.klz) then
napg=int(k1x/klz+0.5)

nz=

nx=m*napp

else

napp=int (k1z/k1x+0.6)

nx=m

nZ=m*napp

endif

CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,nx

do 10 j=1,nz

rx=kd—k1x/2.+(i-0.5;¢klx/nx

rz=kl-k1z/2.+(j-0.5)*klz/nz

call zcdxy(rx,khh,rz,kvw,kh,11,12,z)

z12=z12+z+k1x*klz+*kly/ (nx*mz)
10 continue

z12=-2z12/(k1x*klz)

return
end

[
c
[
[+
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subroutine zdcxz(klx,kly,klz,kd,khh,kl,kw.kh,il,i2,212)

real 11,12,kd,khh,kl,kw,kh,klx,kly,klz,rx,rz

complex z12,z,pl

integer i,j,flag,nx,nz,napp,mn
CCCCCCCCCCCCCeeeeeeceecececeeeecececeeceecceeccee ceceecececeececeeecceece

Subroutine zdcxz calculates the interaction between x-directed
conductor and z-directed dielectric currents.

called by: fildc

calls: zcdxz
ccecce 8ic%888%cccccccececccceececeeceecceececceecececececceccecceececccce

CALCULATE THE CONSTANTS AND INITIALIZE
p1=(0.0,1.0)

z12=0.0
if (abs(k1-0.5*kh).1t.(2.0%kh)) then

=4
17 (abs(xd).gt.(4.%kw)) m=3
it (abs(kd).gt.(8.*kw)) m=2
if (abs(xd).gt.(12.*kw)) m=1

endif
if (abs(Xx1-0.6+kh) .gt.(2.0#kh)) m=3
if (abs(x1-0.5*kh).gt.(4.0¢kh)) m=2
it (abs(k1-0.5+kh).gt.(6.0+kh)) m=1
if (klx.ge.klz) then
napp=int (k1x/k1z+0.6)

=m

nz=
nx=m*napp

else
napp=int (k1z/k1x+0.5)
]

nx=

nz=m*napp

endif

CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,nx

do 10 j=1,nz

rx=kd-k1x/2.+(i-0.5)*klx/nx

rz=k1l-k1z/2.+(j-0.6)*klz/nz

call zcdxz(rx,khh,rz,kw,kh,il1,i2,z)

z12=z12+z*klx*klz+*kly/ (nx*nz)
10 continue

z12=-z12/ (klx*kly)

return
end
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subroutine zdczx(klx,kly.klz,kd,khh,kl,kw,kh,ii,12,212)
real i1,i2,kd,khh,k1,kv,kh,k1x,kly,kl2,rx,x2

complex z12,z,pl

integer i,j,flag,nx,nz,napp,m

& cceeceeeceeceecceeeeeeCCeeCeeCetCeeCCCCCCCCCCCCCCECCCCCCCECCCTeeece
c Subroutine zdczx calculates the interaction between z-directed ¢
¢ conductor and x-directed dielectric currents. ¢
¢ called by: fildc c
c c
c calls: %%dz% c
gcccccccccc Céececcceecccecceccececeeeceeccecececececececececececcececcececceceece
8 CALCULATE THE CONSTANTS ARD INITIALIZE

p1=(0.0,1.0)

z12=0.0

if (abs(kd).lt.(4.0*kw)) then

m=

if (abs(x1-0.5+*kh).gt.(2.0%kh)) m=3

if (abs(k1-0.5*kh).gt.(4.0*kh)) m=2

if (abs(x1-0.5#kh).gt.(6.0*kh)) m=1

endif

it (abs(kd).gt.(4.*kv)) m=3

if (abs(kd).gt.(8.*kw)) m=2

if (abs(kd).gt.(12.*kw)) m=1

if (klx.ge.klz) then

napp=int (k1x/k1z+0.5)

nz=m

nx=m*napp

else

napp=int (k1z/k1x+0.6)

nx=m

nz=m*napp
c endif
¢ CALCULATE THE MUTUAL IMPEDANCE

do 10 i=1,nx

do 10 j=1,nz

rx=kd-kl1x/2.+(1-0.5)*klx/nx

rz=kl-X1z/2.+(j-0.5)*klz/nz

call zcdzx(rx,kbh,rz,kw,kh,i1,i2,z)

z12=z12+z+k1lx*klz*kly/(nx*nz)

10 continue

z12=-212/(x1y*klz)

return

end
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subroutine zdczy(klx.kly,klz,kd.khh.kl,kw,kh,ii,12,212)
real 11,i2,kd,khh,kl,kw,kh,klx,kly,klz,rx,rz

complex z12,z,pl

integer i,j,flag,nx,nz,napp,mn

S ccecceeceetecccecceceecseeeteececeCceeceeceeeeeeeeescececcceeccceecece
¢ Subroutine zdczy calculates the interaction between z-directed ¢
¢ conductor and y-directed dielectric currents. c
c c
c called by: fildc c
c c
c calls: zcdzy c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
< CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)

z12=0.0

it4(abs(kd).1t.(4.0*kw)) then

m=

if (abs(x1-0.B#kh).gt.(2.0*kh)) m=3

if (abs(x1-0.65*kh).gt.(4.0*kh)) m=2

if (abs(k1-0.5+kh).gt.(6.0*kh)) m=1

endif

if (abs(kd).gt.(4.*kw)) m=3

if (abs(kd).gt.(8.%kw)) m=2

if (abs(kd).gt.(12.+kw)) m=1

if (klx.ge.klz) then

napp=int (x1x/k12z+0.5)

nz=m

nx=m*napp

else

napp=int (k1z/k1x+0.5)

gi;m*napp
c endif
g CALCULATE THE MUTUAL IMPEDARCE

do 10 i=1,nx

do 10 j=1,nz

rx=kd-klx/2.+(i—0.Bg*klx/nx
rz=kl-k1z/2.+(j-0.5)*k1lz/nz
call zcdzy(rx,khh,rz,kw,kh,ii,12,2)
z12=z12+z*k1x*klz*kly/(nx*nz)
10 continue
z12=-2z12/(k1x*klz)
return
end
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subroutine zdczz(klx,kly,klz,kd,khh,kl,kw.kh,i1,i2,z12)

real i1,i2,kd,khh,kl,kv,kh,klx,kly,klz,rx,T2

complex z12,z,pl

integer i,j,fleg,nx,nz,napp,m
CCCCCCCCCCCCCCCCCCCCCCCCCCCECecCceeeeceececceeeeeceeececccceccecceccccceec

Subroutine zdczz calculates the interaction between z-directed c
conductor and dielectric currents. c

called by: fildce

calls: zcdzz
ccceecccecCéeeteecceceeecceeecceeeeceeececececeeeceeccececcceececcececcecee

CALCULATE THE CONSTANTS AND INITIALIZE
p1=(0.0,1.0)

z12=0.0
if (abs(kd).lt.(4.0%*kw)) then

=4
i (abs(k1-0.65*kh) .gt.(2.0*kh)) m=3
if (abs(k1-0.6%kh).gt.(4.0%kh)) m=2
if (abs(x1-0.5#kh).gt.(6.0%kh)) m=1

endif

it (abs(kd).gt.(4.*kw)) m=3
if (abs(kd).gt.(8.*kv)) m=2
if (abs(kd).gt.(12.+kv)) m=i
if (klx.ge.k1lz) then
napp=int (k1x/k1z+0.65)

nz=m

nx=m*napp

olse
napp=int(k1z/k1x+0.5)
m

nx=
nz=m*napp
endif
CALCULATE THE MUTUAL IMPEDANCE
do 10 i=1,nx
do 10 j=1)nz
rx=kd-k1x/2.+{(i-0.5)+klx/nx
rz=kl-k1z/2.+(j-0.5)*klz/nz
call zcdzz(rx,kbh,rz,kw,kh,i1,12,z)
z12=z12+z+k1lx*k1lz*kly/(nx*nz)
10 continue
212=-212/ (k1x*kly)

return
end

[
[
[
C
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subroutine zxx(klx,kly,klz,kd,khh,kl,z12)
real klx,kly,klz,kd,khh,

+ gamma,x1,x2,y1,y2,z1,2z2,kl,r,1c
complex z12,z,pl
integer i,typ,j,k,flag,app,nx,nz,napp,m,mi

SccccceccecececceecceceeeeeeeeeeeecCCCCCCCCCCECCCCCCCCCCCCTCCCCCEee
¢ Subroutine zxx calculates the interaction between x-directed ¢
c dielectric currents, which is Ex of x-directed dielectric c
g current g
¢ called by: fildd c
c c
c calls: zxxapp, gq3dxx, fun3xxl, gq2ddxx, fun2xx, fun2xx2, c
c fun2xx3, gaus6 c
gccccccccccccccccccc CCCCCCCCCCCCCECCCCCCECeCceeceeeeceececceccecececece
g CALCULATE THE CONSTANTS AND INITIALIZE

typ=0

pi=(0.0,1.0)

gamma=30.0

z12=0.0

app=1

re=sqrt (kKlx#**2+k1z#*2+k1y**2)
c

if ((abs(kd).lt.klx).and.(abs(kl).1lt.klz)) typ=1
¢ if typ=1 use general form no approximation - used once

x1=-k1x/2.0
x2=-x1
yi=-kly/2.0
y2=-y1
z1=-k1z/2.0
z2=-z1

r=sqrt (kd#*2+khhe*2+k1*+2)

m=4

if (r.gt.(3.*rc)) m=3
if (r.gt.(8.*rc)) m=2
if (r.gt.(9.*rc)) m=1
if (klx.ge.klz) then
napp=int (k1x/k1z+0.6)

nz=m
nx=m*napp

else
napp=int (k1z/k1x+0.5)
=m

nx=
NZ=m*napp
endif

CALCULATE THE MUTUAL IMPEDANCE

if ((app.eq.1).and.(typ.eq.0)) then
¢ use approximate interaction
call zxxapp(kd,khh, kl,klx,kly,klz,nx,nz,z12)
c us:IE:noral form
if (typ.eq.0) then
call gqsddxx(khh,kl,kd,z,typ,ilag.xi,x2,y1,y2,zi,z2)
z12=212+2
flag=4
call q2ddxx(klx,k1y,klz,khh,kl,kd,z,typ,tlag,yi,y2,zi,22)
z12=212+2

else

call 5q3ddxx(khh,k1,kd,z,typ,flag,xi.x2,y1,y2,zi,z2)
z12=212+2

flag=1

call gq2ddxx(klx,k1y,klz,khh,kl,kd,z,typ,tlng,yi,y2,zl,z2)
z12=212+2z

flag=2

ano
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000

10

call 5q2ddxx(klx,k1y,klz,khh.kl,kd,z,typ,tllg,xi,x2,zi,z2)
z12=z12+2z

flag=3

call §q2ddxx(klx,k1y,klz,khh,kl,kd,z,typ,tlag,xi,x2,y1,y2)
z12=212+2z

flag=4

call quddxx(klx,kly,klz,khh,kl,kd,z,typ,tlag,yi.y2,z1,z2)
z12=212+2
endi

endi
z12=z12»gamma
return

end

subroutine zxxapp(kd,khh,kl,klx.kly,klz.nx,nz,zlz)
real kd,khh,kl,klx,kly,klz,d,1,r,cx

complex z12,pl

integer nx,nz,i,j

2

y
4
.
;

calculates approximate interaction

z12=0.0

p1=(0.0,1.0)

do 10 i=1,nx

do 10 j=1,nz
d=kd+klx/2.0+(0.56-1)*klx/nx
1=k1+k1z/2.0+(0.5-j)*klz/nz
r=sqrt(d**2+khh#*2+1%%2)

cx=d/r
212=z12+(1-cx**2+p1/r*(1-p1/r) *(3+cx**2-1)) *cexp(-pi*r)/r
continue
z12=-p1#z12+klx+klz*kly/(nx*nz)
re&urn

en

6Q3DDXXI - CALCULATES INTEGRAL IN THREE DIMENSIONS

subroutine quddxx(khh,kl,kd,z,typ,!lag,xi,x2,y1,y2,-1,82)

real kd, khh, kl,x1,x2,xm,xr,pi,p2,q1,92,x(24),v(24),dx,dy,
yi,y2,ym,yr,si,s2,ds,sm,sr,xi,r2

complex z,z1,z2,23,z4,z6,26,27,z8

integer j,i,k,typ,flag

call gausé(x,w)
xm=0.50*(x1+x2)
xr=0.50%(x2-x1)
ym=0.50#*(y1+y2)
yr=0.60%(y2-y1)
sm=0.60*(s1+82)
8r=0.60*(82-81)

z=0,0

do 10 i=1,8

ds=sr*x(i)

ri=sm+ds

r2=sm-ds

do 20 j=1,6

dy=yr#*x(3j)

pl=ym+dy

p2=ym-dy

do 30 k=1,6

dx=xr*x (k)

qi=xm+dx

gq2=xm-dx

call fun3xx1(kd,khh,kl,ri,pi,q1,21,typ)
call fun3xxi(kd,khh,kl,ri,p1,q2,z2,typ)
call fun3xxi(kd,khh,kl,ri,p2,q1,z3,typ)
call !unsxxl(kd,khh,kl,ri,p2,q2,z4,typ)
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call fun3xxi(kd,khh,kl,r2,pi1,q1,z5,typ)
call fun3xxi(kd,khh,k1,r2,p1,q2,z6,typ)
call fun3xxi(kd,khh,kl,r2,p2,q1,27,typ)
call fun3xxi(kd,khh,k1,r2,p2,92,28,typ)
z=z+w(1)*w(j) *w (k) *(z1+422+23+24+26+26+27+28)

continue
continue
continue

Z=XT*YI*8I*Z

return

end

FUN3XX1 CALCULATES INTEGRAND OF THREE DIM. INTEGRAL

subroutine funSxx1(kd,khh,kl,z,y,x,2Z,typ)
real kd,khh,kl,cl,x,y,z

complex zz,pi

integer typ

CALCULATE THE RELATED PARAMETERS
p1=(0.0,-1.0)

zz=0.0

c1=8qrt ((kd-x)**2+(khh-y)##2+(k1-Z)**2)
CALCULATE THE INTEGRAND

if (typ.eq.0) then
zz=pl*cexp(pi*cl)/c1
else
zz=cexp(pli*c1)/2.0

endif
return
end

GQ2DDXX - CALCULATES INTEGRAL IF TWO DIMENSIONS

subroutine gq2ddxx(klx,k1y,klz,khh,kl,kd,z,typ,tlng,xl,xz,yi,y2)
real kd,xi,x2,xm.xr.p1,p2,qi,q2.x(24),v(24),dx,dy.
+ y1,y2,ym,yr,klx,kly,klz,khh,kl

complex z,z1,z2,z3,24

integer typ,j,i,flag

call gausé(x,w)

xm=0.60*(x1+x2)

xr=0.50%(x2-x1)

ym=0.50*(y1+y2)

yr=0.60%(y2-y1)

z=0.0

do 10 i=1,6

dy=yr*x(i)

ql=ym+dy

q2=ym-dy

do 20 j=1,6

dx=xr*x(j)

pl=xm+dx

p2=xm-dx

call !un2xx(khh.kd,kl,typ,tlng,klx.kly,klz,qi,p1,zi)
call 1um2xx(khh,kd,k1,typ,tlag,klx,kly,klz,qi,p2,z2)
call fun2xx(xhh,kd, kl,typ,flag,klx,kly,klz,q2,p1,z3)
call tunzxx(khh,kd,kl.typ,Ilag,klx,kly,klz,q2,p2,z4)
z=z+w(1)*w(j) *(z1+22+23+24)

continue
continue
Z=XTHYTHZ
return
end

FUK2XX CALCULATES THE INTEGRAND OF DOUBLE INTEGRAL
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subroutine tun2xx(khh,kd,k1,typ,flug,klx,kly,klz,q,p,zz)
real xd,kl,khh, klx,kly,klz,x,y,z,¢1,¢2,q,p

complex zz,pl,zZp

integer typ,flag,i

p1=(0.0,1.0)
zz=0.0
do 10 i=-1,1,2

if (flag.eq.1) then
x=kd-(i)*klx/2.0
y=khh-p

z=kl-q

call fun2xx2(x,y,z,zp)
zz=zz+zp*x*(1)

endif

if (flag.eq.2) then
x=kd-p
y=khh-(1i)*kly/2.0
z=kl-q

call fun2xx2(x,y,Z,zp)
zz=zz+zp*y*(1i)

endif

if (flag.eq.3) then
x=kd-p

y=khh-q
z=k1-(1)*k1lz/2.0

call fun2xx2(x,y,z,zZp)
zz=zz+zprz*(1i)

endif

if (flag.eq.4) then
x=kd-(1)*k1x/2.0

y=khh-p

z=kl-q

call fun2xx3(x,y,z,zp)
zz=zz+zp*x*(i)

endif

continue

return

end

subroutine fun2xx2(x,y,z,zZp)
real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

cl=sqrt (x**2+y#*2+z%*2)
zp=pi*cexp(-pi#*c1)/(2.0%c1)
return

end

subroutine fun2xx3(x,y,z,zp)
real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

cl=8qrt (X**2+y**2+z##2)
zp=cexp(-p1*c1)*((1.0/ci**2)-(p1/c1#*3))

return
end

172



subroutine zxy(klx,kly,klz, kd, khh,kl,z12)
real klx,kly,klz,kd,khh,kl,r,rc,

+ gnmma,xi,xz,yi,y2,zl,z2

complex z12,z,pl

integer i,typ,j,k,app,nx,nz,napp,m
€cececcecceccccecceececeececeecceeeeceeeeeeeeeeccecccceceeeceececceceee
¢ Subroutine zxy calculates the interaction between x-directed ¢
¢ and y-directed dielectric currents, which is Ey of c
g x-directed dielectric current g
¢ called by: fildd c
c c
¢ calls: zxyapp, gqldxy, funixy, fun2xy, gaus6 c
geeecceeeceeccecece €ccececceccecceccececceeecedececececcececececececccececceccee
¢ CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)

gamma=-30.0

z12=0.0
¢ approximate form is used to save time

app=1
c

r=sqrt(kd*+2+khh++2+k1**2)

rc=sqrt (Klx##2+kly**2+k1z#*2)

m=4

if (r.gt.(3.*rc)) m=3

it (r.gt.(6.*rc)) m=2

if (r.gt.(9.*rc)) m=1

if (kxlx.ge.k1z) then

napp=int (k1x/k1z+0.5)

nz=m

nx=m*napp

else

napp=int (k1z/k1x+0.5)

nx=m

nz=m*napp
c endif
g CALCULATE THE MUTUAL IMPEDANCE

if (app.eq.1) then

¢ use approximate interaction
call zxyapp(kd,khh,kl,klx,kly,klz,nx,nz,z)
else

¢ use general form

z1=-k12/2.0
z2=-z1
call gqidxy(khh,kl,kd,z,zl,zz,klx,kly,klz)

endif
z12=z+*gamma*pl
return

end

subroutine zxyagg(kd,khh,kl,klx.kly,klz,nx,nz,zi2)
real kd,khh,kl,klx,kly,klz,d,l,r,cx,cy
complex z12,p1
integer nx,nz,i,j

¢ calculates approximate interaction
z12=0.0
pi=(0.0,1.0)
do 10 i=1,nx
do 10 j=1,nz
d=kd+k1x/2.0+(0.5-1i)*klx/nx
1=k1+klz/2.0+(0.5-j)*klz/nz
r=sqrt(d+*2+khh**2+14%%2)
cx=d/r
cy=khh/r
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z12=z12+cx*cy*(-1+(3%p1/r)*(1-p1/r)) *cexp(-pl*r)/r
continue

z12=212%k1lx*klz*kly/ (nx*nz)

return

end

GQ1DXY - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gqidxy(khh,kl,kd,z.xi,xz,klx,kly,klz)

real kd,xi,x2,xm,xr,pi,p2,x(24),w(24),dx,
klx,kly,klz,khh,k1

complex z,z1,22

integer j,i,ngaus

ngaus=6

call gaus6(x,v)

xm=0.50*(xi+x2;

xxr=0.50%*(x2-x1

2=0.0

do 10 i=1,ngaus

dx=xr*x(i)

pl=xm+dx

p2=xm-dx

call tunlxy(khh,kd,kl,klx,kly,klz,p1,zi)
call funixy(khh,kd,x1,klx,kly,klz,p2,z2)
z=z+w(1)*(z1+22)

continue

ZSXT*Z

return

end

FUN1XY CALCULATES INTEGRAND OF ONE DIM. INTEGRAL

subroutine !unixy(khh,kd,kl,klx,kly,klz,z,zz)
real kd,kl,khh,klx,kly,klz,x,y,z,zl

complex zz,pl,zp

integer i,j

pi=(0.0,1.0)

zz=0.0

zl=kli-z

do 10 i=1,2

do 10 j=1,2
x=kd-(2*i-3)*k1x/2.0
y=khh-(2#%j-3)*k1y/2.0
call fun2xy(x,y,zl,zp)
zz=zz+zp* (2%i-3)*(2*j-3)
continue

return

end

subroutine fun2xy(x,y,z,zp)
real x,y,z,ci

complex pl,zp

pi=(0.0,1.0)
cl=sqrt (x*#2+y**2+z%*2)

zp=cexp(-pi*ci)/cl
return
end
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subroutine zxz(klx,kly,klz,kd,khh,kl,z12)

real klx,kly,klz,kd,khh,r,rc,

+ gamma,xi,x2,y1,y2,zi,22,k1

complex z12,z,pl

integer i,j,k,app,nx,nz,napp,m

CCCCCECCCCCECECCCCCECCCECCCCECECCEECeecececeeceececeeecceeeecccceccced

Subroutine zxz calculates the interaction between x-directed ¢
and z-directed dielectric currents, which is Ez of c
x-directed dielectric current c

called by: f£ildd

calls: zxzapp, gqidxz, funixz, fun2xz, gausé
cccecccccecceceeccécecceceeceececceccecececeecceicecceecceccceccceecceceece

CALCULATE THE CONSTANTS AND IFITIALIZE

pi=(0.0,1.0)
amma=-30.0

Cc
C
[
[
c

0O 0A000 0000

z12=0.0
¢ approximate form is used to save time

app=1
r=sqrt (kd+**2+khh**2+k1++2)
re=sqrt (Klx*#2+k1y*#2+k1z**2)

[+

m=4

it (r.gt.(3.%rc)) n=3

it (r.gt.(6.*rc)) m=2

if (r.gt.(9.*rc)) m=1

ifz (klx.ge.klz) then

napp=int (k1x/k12+0.5)
m

nz=
nx=m*napp

else
napp=int (x1z/k1x+0.5)
nx=m

nz;m*nnpp
endif

CALCULATE THE MUTUAL IMPEDANCE

if (app.eq.1) then
¢ use approximate interaction
call zxzapp(kd,khh,kl,klx,kly,klz,nx,nz,z)
else
¢ use general form
yi=-kly/2.0
y2=-y1
call gqidxz(khh,kl,kd,z,yi,yz,klx,kly,klz)
endif
z12=z*gamma*p1l
return
end

subroutine zxzapp(kd,khh,kl,klx,kly,k1lz,nx,nz,z12)
real kd,khh,kl,klx,kly,klz,d,1l,r,cx,cz
complex z12,pl
integer nx,nz,i,j

¢ calculates approximate interaction
z12=0.0
p1=(0.0,1.0)
do 10 i=1,nx
do 10 j=1i,nz
d=kd+klx/2.0+(0.5—i;tklx/nx
1=k1+k1z/2.0+(0.6-j)*klz/nz

=8qrt (d**2+khh*#2+1%»2)

cx=d/r
cz=l/r

anon
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212=212+cx*cz*(—1+3¢p1/r*(1-p1/r))*coxp(—pi*r)/r
continue

z12=z12+k1x*k1z*kly/ (nx*nz)

return

end

GQ1DXZ - CALCULATES INTEGRAL IN ONE DIMENSION

subroutine gqidxz(khh,kl,kd,z,xi,x2,klx,k1y,klz)

real kd,xi,x2,xm,xr,p1,p2,x(24),'(24),dx,
klx,kly,klz,khh,kl

complex z,z1,22

integer j,i,ngaus

ngaus=6

call gausc(x,w)

xm=0.50*(x1+x2)

xr=0.50*(x2-x1)

z=0.0

do 10 i=1,ngaus

dx=xr*x(1)

p1=x_m+dx

p2=xm-dx

call 1unixz(khh,kd,k1,klx,k1y,klz,pl,zl)
call 1unixz(khh,kd,k1,klx,kly.klz,p2,z2)
z=z+w (1) *(z1+22)

continue

Z=XT*Z

return

end

FUN1XZ CALCULATES INTEGRAND OF ONE DIM. INTEGRAL

subroutine tunixz(khh,kd,kl,klx,kly,klz,y.zz)
real kd,kl,khh,klx,kly,klz,x,y,z,yl

complex zz,pl,zp
integer i,j

p1=(0.0,1.0)

zz=0.0

yl=khh-y

do 10 i=1,2

do 10 j=1,2
x=kd-(2*i-3)*k1x/2.0
z=k1—(2*j-3)*klz/2.0
call fun2xz(x,yl,z,Zp)
zz=zz+zp*(2*1i-3)%(2%j-3)
continue

return

end

subroutine fun2xz(x,y,Z,Zp)
real x,Yy,z,cl

complex pl,zp
p1=(0.0,1.0)
cl=sqrt (Xea2+y*e2+z4%2)

zp=cexp(-pis*cl)/cl
return
end
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subroutine zyy(klx,kly,klz,kd,khh,kl,zi2)
real klx,kly,klz,kd,khh,r,xc,

+ 5amma,xi,12,y1,y2,zi,22,k1
complex z12,z,pl

integer i,typ,j.k,flag,app,nx,nz,napp,mn
cecceeececeeececcecececeeececeececece

current
called by: f£ildd

calls: zyyapp, gq3dyy, fumn3yyl, gq2ddyy, fun2yy, fun2yy2,

fun2yy3, gaus6é

CALCULATE THE CONSTANTS AND INITIALIZE
typ=0

p1=(0.0,1.0)

gamma=30.0

z12=0.0

app=1

if ((abs(xd).lt.klx).and.(abs(kl).lt.klz)) typ=1
if typ=1 use general form no approximation - used once

r=8qrt (kd**2+khh*#*2+k1+#2)
re=sqrt (k1x#+2+k1ly**2+klz#*2)

n=4

if (r.gt.(3.»rc)) m=3
it (r.gt.(6.*xc)) m=2
if (r.gt.(9.*xc)) m=1
if (x1x.ge.klz) then
napp=int (k1x/k1z+0.5)

nz=m

nx=m*napp

else

napp=int (k1z/k1x+0.6)
=m

nx

nz=m*napp

endif

x1=-k1x/2.0

x2=-x1

yi=-k1y/2.0

y2=-y1

zi=-klz/2.0

z2=-2z1

CALCULATE THE MUTUAL IMPEDANCE

if ((app.eq.1).and.(typ.eq.0)) then
use approximate interaction

call zyynpp(kd,khh,kl,klx,kly,klz,nx,nz,z12)

else
use general form

if (typ.eq.0) then
call q3ddyy(khh,k1,kd,z,typ,tlag,xl,x2,y1

z12=z12+z
flag=4

call ngddyy(klx,kly,klz,khh,kl.kd,z,typ,tlag,xi,xz,zi,z2)

z12=212+2z

z12=z12+2

flag=

call gq2ddyy(k1x,kly,klz,khh,kl,kd,z,typ,tlng,yi,y2,zi,z2)

z12=212+2

177
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,¥2,21,22)

else
call §q3ddyy(khh,kl,kd,z,typ,flag.xi.x2,y1,y2,zi,z2)
1

cceceeccecceccecececececegeeceececece
Subroutine zyy calculates the interaction between y-directed

dielectric currents, which is Ey of y-directed dielectric

c
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flag=2

call gq2ddyy(klx,k1y,klz.khh,kl,kd,z,typ,!lag,xl,x2,zi,z2)
z12=z12+2

flag=3

call gq2ddyy(k1x,k1y,klz,khh,kl,kd,z,typ,tlag,xi,x2,y1,y2)
z12=z12+z

flag=4

call gq2ddyy(klx,k1y,klz.khh,kl,kd,z,typ,tlag,xl,12,21,z2)
z12=z12+2z

endif

endif

z12=z12*gamma

return

end

subroutine zyyag?(kd,khh,kl,klx,kly,klz,nx,nz,ziz)

real kd,khh,kl,klx,kly,klz,d,1,r,cy

complex zi2,pl

integer nx,nz,i,]

calculates approximate interaction

+

z12=0.0

p1=(0.0,1.0)

do 10 i=1,nx

do 10 j=1,nz
d=kd+k1x/2.0+(0.5-1)*klx/nx
1=k1+k1z/2.0+(0.6-j)*klz/nz
r=sqrt (d+**2+khhe*2+1%%2)
cy=khh/T
zi2=zl2+(1-cy**2+p1/r*(1-p1/r)*(3*cy**2-1))*coxp(—pl*r)/r
continue
z12=-p1#z12+k1x*k1z*kly/ (nx*nz)
ro&urn

en

GQ3DDYY ~ CALCULATES INTEGRAL IN THREE DIMENSIONS

subroutine gq3ddyy(khh,kl,kd,z,typ,tlag.xi,x2,y1,y2,11,l2)

real kd,khh,kl,xl,x2,xm,xr,p1,p2,q1,q2,x(24),w(24),dx,dy,
yi,y2,ym,yr,31,l2,ds,am,sr,ri,r2

complex z,z1,z2,23,24,25,26,27,28

integer j,i,k,typ,flag

call gaus6(x,w)
xm=0.60%(x1+x2)
xr=0.50*(x2-x1)
ym=0.60*(y1+y2)
yr=0.50#(y2-y1)
sm=0.60%(81+82)
8r=0.50%(82-81)
z=0.0

do 10 i=1,6
ds=sr*x(i)
ri=sm+ds
r2=sm-ds
do 20 j=1,6

dy=yr*x(j)

pl=ym+dy

p2=ym-dy

do 30 k=1,8

dx=xr#*x(k)

ql=xm+dx

q2=xm-dx

call IunByyi(kd,khh,kl,ri,pl,qi.zi,typ)
call tun3yy1(kd,khh,k1.r1,pi,q2,12,typ)
call tunSyyi(kd,khh,kl,ri,p2,q1,z$,typ)
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call fun3yyi(kd,khh,kl,r1,p2,q2,z4,typ)

call tun3yy1(kd,khh,k1,r2,p1,qi,zs,typ)

call fun3yyi(kd,khh,kl,r2,p1,q2,26,typ)

call fun3yyi(kd,khh,kl,r2,p2,q1,27,typ)

call funSyyl(kd,khh,kl,r2.p2,q2,28,typ)
z=z+w (1) *w(j)*w(k)*(21+22+23+24+256+26+27+28)
continue

continue

continue

Z=XTHYTH8T*Z

return

end

FUN3YY1 CALCULATES INTEGRAND OF THREE DIM. INTEGRAL

subroutine tunsyyl(kd,khh,kl,z,y,x,zz,typ)
real kd,khh,kl,cl,x,y,2Z

complex zz,pl

integer typ

CALCULATE THE RELATED PARAMETERS
p1=(0.0,-1.0)

zz=0.0
c1=8qrt ((kd-x)*#2+(khh-y)**2+(k1-z)**2)
CALCULATE THE INTEGRAND

if (typ.eq.0) then
zz=pi*cexp(pi*cl)/cl
else
zz=cexp(pi*c1)/2.0

endif
return
end

GQ2DDYY - CALCULATES INTEGRAL IN TWO DIMENSIONS

subroutine gq2ddyy(klx,k1y,klz,khh,kl,kd,z,typ,tlag,xi,x2,y1,y2)
real kd,x1,x2,xm,xr,pi,p2,q91,92,x(24),%(24),dx,dy,
yi,y2,ym,yr ,k1x,k1ly,klz,khh, k1
complex z,z1,22,z3,z4
integer typ,j,i,flag

call gaus6(x,w)

xm=0.50#*(x1+x2)

xr=0.50#*(x2-x1)

ym=0.50*(y1+y2)

yr=0.50%*(y2-y1)

z=0.0

do 10 i=1,6

dy=yr*x(1)

qi=ym+dy

q2=ym-dy

do 20 j=1,6

dx=xr*x(j)

pl=xm+dx

p2=xm-dx

call 1un2yy(khh,kd,k1,typ,tlag,klx.kly,klz,qi,p1,zi)
call fun2yy(xhh,kd,kl,typ,flag,klx,kly,klz,q1,p2,22)
call 1un2yy(khh,kd.k1,typ.tlag,klx,kly,klz,q2,p1,23)
call tum2yy(khh,kd,k1,typ,tlng,klx,kly,klz,q2,p2,z4)
z=z+w (i) *w(j)*(z1+22+23+z4)

continue
continue
Z=XT*YTr*z
Teturn
end
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FUN2YY CALCULATES INTEGRAND OF DOUBLE INTEGRALS

subroutine tunzyy(khh,kd,kl,typ,tlag,klx,kly,klz.q,p,zz)
real kd,kl,khh,klx,kly,klz,x,y,2z,ci,c2,q9,p

complex zz,pl,zp

integer typ,flag,i

pi=(0.0,1.0)
zz=0.0
do 10 i=-1,1,2

if (flag.eq.1) then
x=kd-(i)*k1x/2.0
y=khh-p

z=kl-q

call fun?yy2(x,y,z,zp)
zz=zz+zprx*(i)

endif

if (flag.eq.2) then
x=kd-p
y=khh-(i)*k1y/2.0
z=kl-q

call fun2yy2(x,y,z,zp)
zz=zz+zp*y* (i)

endif

if (flag.eq.3) then
x=kd-p

y=khh-q
z=k1-(1)*k1z/2.0

call fun2yy2(x,y,z,zp)
zz=zz+zp*z¥ (i)

endif

if (flag.eq.4) then

x=kd-p

y=khh-(i)*kly/2.0

z=kl-q

call fun2yy3(x,y,z,zp)
zz=zz+zp*y*(i)

endif

continue

return

end

subroutine fun2yy2(x,y,z,zp)
real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

c1=nqrt (X**2+y*s2+z#+2)
zp=pi*cexp(~-pl*ci)/(2.0%c1)
e

subroutine fun2yy3(x,y,z,zp)

real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

c1=8qrt (X #*2+y*#2+z%*2)
zp=cexp(-pi*c1)*((1.0/c1##2)-(p1/c1++3))

return
end
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subroutine zyz(klx,kly,klz, kd, khh,k1,z12)
real klx,kly,klz,kd,khh,r,rc,

+ gamma,xi,x2,y1,y2,zi,z2,k1
complex 2z12,z,pl
integer i,j,k,app,nx,nz,napp,mn

Sceccceceeccecccecececceccececceececececcecceceeccecceeeccecceecceeccee
¢  Subroutine zyz calculates the interaction betveen y-directed ¢
c and z-directed dielectric currents, which is Ez of c
¢ y-directed dielectric current c
c c
¢ called by: fildd c
c c
¢ calls: zyzapp, gqidyz, funiyz, fun2yz, gausé c
geécecceceecccececce éccecceecceececceecccecececeecececeeccecececcecececceccecccec
g CALCULATE THE CONSTANTS AND INITIALIZE

p1=(0.0,1.0)

gamma=-30.0

z12=0.0
¢ approximate form is used to save time

app=1
c

=8qrt (kd*#2+khh**2+k1#*2)

rc=sqrt (Klx*#2+kly*#2+k1z*+2)

m=4

if (r.gt.(3.»rc)) m=3

it (r.gt.(6.*rc)) m=2

if (r.gt.(9.*rc)) m=1

if (kl1x.ge.klz) then

napp=int (k1x/k12z+0.5)

nz=h

nx=m*napp

else

napp=int (k1z/k1x+0.5)

DX=m

nz=m*napp
c endif
g CALCULATE THE MUTUAL IMPEDANCE

if (app.eq.1) then
¢ use approximate interaction
call zyzapp(kd,khh,kl,klx,kly,klz,nx,nz,z)

else
¢ use general form

x1=-k1x/2.0

x2=-x1

call gqidyz(khh,kl,kd,z,xi,x2,klx,k1y,klz)
z12=z*gamma*p1

endif
return
end

subroutine zyznpp(kd,khh,kl,klx,kly,klz,nx,nz.zi2)
real kd,khh,kl,klx,kly,klz,d,1,r,cy,cz
complex z12,pl
integer nx,nz,i,j

¢ calculates approximate interaction
z12=0.0
pi=(0.0,1.0)
do 10 i=1,nx
do 10 j=1,nz
d=kd+k1lx/2.0+(0.6-1)*klx/nx
1=k1+k1z/2.0+(0.5-j)*klz/nz
r=sqrt (d*#2+khhe*2+1*%2)
cy=khh/r
cz=kl/r
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212=zi2+cy#cz*(-1+3*p1/r*(1-p1/r))*cexp(-pi*r)/r
continue

z12=2z12+k1x*klz*kly/(nx*nz)

return

end

GQ1DYZ - CALCULATES INTEGRAL IN ONE DIMENSIOX

subroutine gqidyz(khh,kl,kd,z,xi,xz,klx,kly,klz)
real kd,xi,x2,xm,xr,p1,p2,x(24),w(24),dx,

+ k1x,kly,k1z,khh,kl

complex z,z1,z2
integer j,i,ngaus

ngaus=6

call gausé(x,w)

xm=0.50¢§x1+x2)

xr=0.60#%(x2-x1)

z=0.0

do 10 i=1,ngaus

dx=xr*x(i)

pl=xm+dx

p2=xm-dx

call fumiyz(khh,kd,kl.klx,kly,klz,pl,zi)
call !unlyz(khh,kd,kl,klx,kly,klz,p2,z2)

z=z+w(1i)*(z1+22)
continue

Z=SXTHZ

return

end

FUN1YZ CALCULATES INTEGRAND OF ONE DIM. INTEGRAL

subroutine 1un1yz(khh,kd,k1,klx,kly,klz,x,zz)
real kd,kl,khh,klx,kly,klz,x,y,z,xl

complex zz,pl,zp

integer i,j

p1=(0.0,1.0)

2z=0.0

x1=kd-x

do 10 i=1,2

do 10 j=1,2
y=khh~(2#i-3)*kly/2.0
z=k1-(2%j-3)*k1z/2.0
call fun2yz(xl,y,z,zp)
zz=zz+zp* (2#i-3)*(2*}-3)
continue

return

end

subroutine fun2yz(x,y,z,zp)
real x,y,z,cl

complex pl,zp
p1=(0.0,1.0)
c1=8qrt (x*#2+y**2+zes2)

zp=cexp(-pi*ci1)/ci
return
end
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subroutine zzz(klx.kly,klz,kd,khh,kl,zi2)
real klx,kly,klz,kd,khh,r,rc,

+ gamma,xi,x2,y1,y2,z1,z2,k1

complex z12,z,p1

integer i,typ,Jj,k,flag,app,nx,nz,napp,m
CCCCECCCCEECeCeCEceeEeteCeceeeeeeeeeecceeceeeeececececeeeeceeecceccecee

dubroutine zzz calculates the interaction between z-directed
dieleczric currents, which is Ez of z-directed dielectric
curren

called by: fildd
calls: zzzapp, gq3dzz, fun3zzl, gq2ddzz, fun2zz, fun2zz2,

fun2zz3, gausé

CALCULATE THE CONSTANTS AND INITIALIZE

typ=0

p1=(0.0,1.0)

gamma=30.0

z12=0.0

app=1

if ((ebs(kd).lt.klx).and.(abs(k1l).1lt.klz)) typ=i

if typ=1 use general form no approximation - used once

x1=-k1x/2.0

x2=-x1

yi=-k1y/2.0

y2=-yi

z1=-k1z/2.0

z2=-z1

r=8qrt (kd**2+khh**2+k1%*2)

rc=sqrt (klx**2+k1ly**2+klz+2)

m=4

it (r.gt.(3.%rc)) m=3
it (r.gt.(6.*rc)) m=2
it (r.gt.(9.*rc)) m=1
it (klx.ge.klz) then
napp=int (k1x/k1z+0.6)

nz=h

nx=m*napp

else

napp=int (k1z/k1x+0.5)
nx=m

nz=m*napp

endif

CALCULATE THE MUTUAL IMPEDANCE
if ((app.eq.1).and.(typ.eq.0)) then

use approximate interaction

call zzzapp(kd,khh,kl,klx,kly,klz.nx,nz.z12)
else

use general form

if (typ.eq.0) then

call gq3ddzz(khh,k1,kd.z,typ,tlag,xi,x2,y1,y2,zi,z2)
z12=z12+z

flag=4

call q2ddzz(klx,k1y,klz,khh,kl,kd,z,typ,flag,xi,x2,y1,y2)
z12=z12+2

else

call quddzz(khh,kl,kd,z,typ,flag,xi,x2,y1,y2,zi,z2)
z12=212+=2

flag=1

call gq2ddzz(klx,k1y,klz,khh,kl,kd.z,typ,!lag,yi.y2,z1,22)
z12=2z12+2

flag=2
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call ngddzz(klx,kly,klz,khh,kl,kd,z,typ,tlng,xi,x2,zi,22)
z12=z12+2

flag=3

call quddzz(klx,kly,klz,khh,kl,kd,z,typ,tlag,xl,x2,y1,y2)
z12=z12+2

flag=4

call gq2ddzz(klx,kly,klz,khh,kl,kd,z,typ,flng,xi,x2,y1.y2)

z12=2z12+2
endi
endi

z12=z12+gamma
return
end

y
4
p
P

subroutine zzzapp(kd,khh,kl,klx,kly,klz,nx,nz,zi2)
real kd,khh,kl,klx,kly,klz,d,1l,xr,cz

complex z12,pl

integer nx,nz,i,j

calculates approximate interaction

z12=0.0

p1=(0.0,1.0)

do 10 i=1,nx

do 10 j=1,nz
d=kd+k1x/2.0+(0.5-i)*klx/nx
1=kl+klz/2.0+(0.6-j)*klz/nz
r=sqrt (d**2+khh**2+14%2)

cz=1l/r

z12=212+(1-cz##2+p1/r* (1-p1/T)*(3%cz*+2-1)) #cexp(-pi*r)/r
continue
z12=-pi*z12+k1lx+klz*kly/(nx*nz)
regurn

en

GQ3DDZZ - CALCULATES INTEGRAL IN THREE DIMENSIONS

subroutine gqsddzz(khh,kl,kd,z,typ,tlag,xi,x2,y1, 2,81,82)
real kd,khh,kl,xi,x2,xm,xr,pl,pZ,qi,q2,x(24),w(24 ,dx,dy,
+ y1,y2,ym,yr,si,s2,ds,am,sr,ri,r2

complex z,z1,z2,z3,z4,26,2z6,27,28

integer j,i,k,typ,flag

call gaus6(x,w)

xm=0.50%(x1+x2)

xr=0.50*(x2-x1)

ym=0.50%(y1+y2)

yr=0.50*(y2-y1)

sm=0.60*(s1+82)

sr=0.60*(82-81)

z=0.0

do 10 i=1,6

ds=sr*x(i)

ri=sm+ds

r2=sm-ds

do 20 j=1,6

dy=yr*x(j)

pl=ym+dy

p2=ym-dy

do 30 k=1,8

dx=xr*x(k)

ql=xm+dx

q2=xm-dx

call fun3zzi(kd,khh,kl,r1,pi,qi,zi,typ)
call fun3zzi(kd,khh,kl,r1,p1,q2,22,typ)
call fun3zzi(kd,khh,kl,r1,p2,q91,23,typ)
call fun3zzi(kd,khh,kl,ri,p2,92,24,typ)
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call fun3zzi(kd,khh,kl,r2,pi,q1,z6,typ)
call fun3zzi(kd,khh,kl,r2,p1,q2,z6,typ)
call fun3zzi(kd,khh,kl,r2,p2,q1,27,typ)
call fun3zz1(kd,khh,k1,r2,p2,q2,2z8,typ)
z=z+w (1) #w(j) *w(k) *(z1+22+23+24+25+26+27+28)

continue
continue
continue

Z=XT*YI*8IT*Z

return

end

FUN3ZZ1 CALCULATES INTEGRAND OF THREE DIM. INTEGRAL

subroutine fun3zzi(kd,khh,kl,z,y,x,zz,typ)
real kd,khh,kl,cl,x,y,z

complex zz,pl

integer typ

CALCULATE THE RELATED PARAMETERS
p1=(0.0,-1.0)

zz=0.0
c1=8qrt ((kd-x)*#*2+(khh-y)**2+(k1-z)**2)
CALCULATE THE INTEGRAND

if (typ.eq.0) then
zz=pi*cexp(pi*ci)/c1
else
zz=cexp(pi*c1)/2.0

endif
return
end

GQ2DDZZ - CALCULATES INTEGRAL IN TWO DIMENSIONS

subroutine gq2ddzz(klx,k1y,k1z,khh,kl,kd,z,typ,flag,xi,x2,y1,y2)

real kd,xi,x2,xm,xr,pl,p2,q1,92,x(24),w(24),dx,dy,
y1,y2,ym,yr,klx,kly,klz,khh,kl

complex z,z1,22,z3,z4

integer typ,j,i,flag

call gaus8(x,v)

xm=0.50%(x1+x2)

xr=0,.650*(x2-x1)

ym=0.50*(y1+y2)

yr=0,60*(y2-y1)

z=0.0

do 10 i=1,6

dy=yr*x(i)

ql=ym+dy

q2=ym-dy

do 20 j=1,6

dx=xr#*x(j)

pi=xm+dx

p2=xm-dx

call fun2zz(khh,kd,kl,typ,flag,klx, kly,k1z,ql,p1,z1)
call funzzz(khh.kd,kl,typ,tlag,klx,kly,klz,qi,p2,z2)
call iunzzz(khh.kd.kl,typ,tlag,klx,kly,klz,q2,p1,z3)
call tun2zz(khh,kd.kl,typ.tllg,klx,kly,klz,q2,p2,z4)
z=z+w(i)*w(j) *(z1+z2+23+24)

continue
continue
ZEXTHYI*Z
return
end

FUN2ZZ CALCULATES THE INTEGRAND OF DOUBLE INTEGRAL
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subroutine 1un2zz(khh,kd,k1,typ,tlag,klx,kly,klz,q,p,zz)
real kd,kl,khh,klx, kly,klz,x,y,z,c1,¢2,q,p

complex zz,pl,zp

integer typ,flag,i

p1=(0.0,1.0)
zz=0.0
do 10 i=-1,1,2

if (flag.eq.1) then
x=kd-(1)*k1x/2.0
y=khh-p

z=kl-q

call fun2zz2(x,y,z,Zp)
zz=zz+zp*x*(1i)

endif

it (flag.eq.2) then
x=kd-p
y=khh-(i)*kly/2.0
z=kl-q

call fun2zz2(x,y,z,zp)
zz=zz+zp*y*(1i)

endif

if (flag.eq.3) then
x=kd-p

y=khh-q
z=k1l-(i)*k1z/2.0

call fun2zz2(x,y,z,Zp)
zz=zz+zp*z*(1i)

endif

if (flag.eq.4) then
x=kd-p

y=khh-q
z=k1-(i)*k1z/2.0

call fun2zz3(x,y,z,zp)
zz=zz+zp*z*(1i)

endif

continue

return
end

subroutine fun2zz2(x,y,z,zp)
real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

cl=sqrt (x*»2+ys*2+z#%2)
zp=pl*cexp(-pi*c1)/(2.0%c1)
return

end

subroutine fun2zz3(x,y,z,zp)
real x,y,z,cl

complex zp,pl

p1=(0.0,1.0)

Cc1=8qrt (X**2+yn*+z%%2)
zp=cexp(-pi*c1)*((1.0/c1#*2)-(p1/c1**3))

return
end
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subroutine symxx(j,i,jt,jh,jv,jl,it,ih,iw,il,nl,nw,nh,
+ js,is,ok,mult)

real mult

integer j,i,jt,jh,jw,jl,it,ih,iw,il,o0k,mi,m2,js,is

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Subroutine symxx investigates symmetry for zxx

c
¢
c
¢ If there is even symmetry, ok=1, mult= 1 c
c If there is odd symmetry, ok=1, mult=- c
c c
¢ called by: zxx c
c c
¢ calls: none c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
mi=nl*nw
m2=mi*nh
mul

t=1.
i ((jh.eq.ih).and.(jh.eq.0)) then
if (jw.eq.0) then
if (j.gt.1) then
if (il.ge.jl) then
js=j-1
is=i-1
ok=1

else
js=j-(§1-11)
is=i+(j1-11)

it (iw gt.0) then
js=j-nl

is=i-nl

ok=1

else

it (jl.gt.1) then
if (il.gt.jl) then
js=j-1

is=i-1

ok=
andj

4
and] ]
endif
on f
else

it ((jh.eq.ih).and.(jh.gt.0)) then
js=j-m1

is=1-mi

ok=1

else

if ((jh.ne.ih).and.(jh.1t.ih)) then
if (jh.eq.0) then

it (j.gt.1) then

it (il.ge.j1) then

-1
ok"i

js=j—(jl-il)
is=1i+(j1-11)
ok=1

endif

endif

else

is: -mni
s=1~mi

ok=1
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subroutine symxy(j,i,jt,jh,jw,jl,it,ih,iw,il,nl,nw,nh,
+ je,is,ok,mlt)

real malt
integer j,i,jt,jh,jv,jl,it,ih,iw,il,ok,mi,m2,js,is

c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
¢ Subroutine symxy investigates symmetry for zxy c
c If there is even symmetry, ok=1, mult=1 c
¢ If there is odd symmetry, ok=1, mult=-1 c
c c
¢ called by: zxy c
c c
c ca%%s: none c
geceec céccc cccccccccccccccccccccccccccccccccccccccccccccccccccccc

mi=nl*ng

m2=mi*nh

it ((jh.eq.ih).and.(jh.eq.O)) then
if (jv.eq.0) then
it (j.gt.1) then
if (il.ge.jl) then
je=j-1

is=i-1

ok=1

else

ys=j-(j1-i1)
1s=1+(j1-11)

malt=-1.0

ok=1

endif

endif

else

if (iw.gt.0) then
js=j-nl

ip=i-nl

ok=1

else

if (jl.gt.1) then
it (il.ge.jl) then
js=3-1

ig=i-1

ok=1
else
s=j-(j1-11)
is=i+(j1-i1)
malt=-1.0
endif

endif

en
end

$2°7(jh.eq.1h) .and. (jh.gt.0)) then
js=j-mi

is=i-mi

ok=1

else

if ((jh.no.ih).and.(jh.lt.ih)) then
if (jh.eq.0) then

if (j.gt.1) then

it (il.ge.jl) then

js=3-1

is=i-1

ok=1

else

js=j-(j1-11)

is=i+(j1-11)

mult=-1.0

ok=1

endif

endif
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1
s=j-ml
s=1i-ml
) 4
endif

1

it’z(jh.ne.ih).and.(jh.gt.ih)) then
js=j-(jh-ih)*mi

is=i+(jh-ih)*m1

malt=-1.0

ok=]
end;
an
end

end
Tt
end

nn ne
b e B

a6 O 0
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subroutine symxz(j,i,jt,jh,j¥,jl,it,ih,iw,il,nl,nw,nh,
+ js,il ok,mult)
real mult
integer js,is,j,i,jt,jh,jw,jl,it,ih,iw, il,ok,mi,m2
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Subroutine symxz investigates symmetry for zxz c
If there is even symmetry, ok=1, mult=1 c
If there is odd symmetry, ok=1, mult=-1 c
c

called by: zxz

a0 oann o 6000

c
c
cccltdt cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccg
ok=

mi=nl*nw

m2=m1*nh

if ((jh.eq.ih).and.(jh.eq.0)) then

if (jv.eq.0) then

if (j.gt.1) then

if (il ge.jl) then

j"J

s=i-1
k=1
1
j =j-(j 1-i1)
is=1i+(j1-i1)
mult=-1.0

ok=1

endif

endif

else

if (iw.gt.0) then
js=j-nl

is=i-nl

ok=1

else

if (j1.gt.1) then
if (il1.gt.j1) then
js=j-1

is=i-1

ok—

jl’J (j1-i1)
is=i+(j1-11)
malt=-1.0

ok=1
en 4
endif
en Y
end

else

i? ((jh.eq.ih).and.(jh.gt.0)) then
js=j-ml

ip=i-mi1

ok=1

else

if ((jh.ne.ih).and.(jh.1t.ih)) then
if (jh.eq.0) then

if (j.gt.1) then

if (il.ge.jl) then

js=j-1

else
js=j-(j1-il)
is=i+(j1-11)
malt=-1.0
ok=1
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endif
endif
else
i'=i-m1
s=i-ml
ok=1
endif

else
if ((jh.ne.ih).and.(jh.gt.ih)) then

js=j-(jh-ih)*mi
is=i+(jh-ih)*m1
ok=1
endif
.n 4
endif
onal
return
end
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subroutine symyy(j,i,jt,jh,jw,jl,it,ih,iv,il,nl,nw,nh,
+ js,is,ok,mult)

real malt
integer j,i,jt,jh,jw,jl,it,ih,iw,il,ok,ml,m2,js.is

€ccececcecccecceccceeeceececcececcccceeceeeeeCctCetCeecceeececececececee
¢ Subroutine symyy investigates symmetry for zyy c
¢ If there is even symmetry, ok=1, mult=1 c
¢ If there is odd symmetry, ok=1i, mult=-1 c
c c
¢ called by: zyy c
c c
c cn%ls: none c
gecece CCECCCCLCeCcecCeeeeececececCcecccececcceceeccecceeceececeecccecceeceecec

mi=nl*nw

m2=mi*nh

mult=1.0

if ((jh.eq.ih).and.(jh.eq.0)) then
if (jw.eq.0) then

it (j.gt.(m2+1)) then

if (il.ge.jl) then

js=j-1
is=i-1
ok=1

else

js=j-(j1-il1)
is=i+(j1-11)
endif

endif

else

if (iw.gt.0) then
js=j-nl

is=i-nl

ok=1

else

if (jl.gt.1) then
if (il1.gt.jl) then
je=j-1

is=i-1

ok=1
endif
enadl
endif
en

else

it ((jh.eq.ih).and.(jh.gt.0)) then
js=j-mi

ig=i-mi

ok=1

else

if ((jh.ne.ih).and.(jh.1t.ih)) then
if (jh.eq.0) then

if (j.gt.(m2+1)) then

if (il.ge.jl) then

else
js=3j-(j1-11)
is=i+(j1-i1)
ok=1

endif

endif

else

E

endif
else
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subroutine aymyz(j,i,jt,jh,jw,jl,it,ih,iw,il,nl,nw,nh,
+ js,is,ok,mult)

real malt
integer js,is,j,i,jt.jh,jw,jl,it,ih,iw,il,ok,mi,m2
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c

[212]

¢ Subroutine symyz investigates symmetry for zyz
¢ If there is even symmetry, ok=1, mult=1 <
¢ If there is odd symmetry, ok=1, mult=-1 c
c c
c called by: zyz c
c c
c cn%%s: none c
gecece iR ccceccccccecececcceceeccecececceccecececeececceeeccceceee
mi=nl*nw
m2=mi*nh

if ((jh.eq.ih).and.(jh.eq.0)) then
if (jv.eq.0) then

it (j.gt.(m2+1)) then

if (il.ge.jl) then

js=j-1

is=i-1

ok=1

else

je=j-(j1-11)

is=1+(j1-i1)

ok=1]
endif
endif

else

if (iw.gt.0) then
js=j-nl

is=i-nl

ok=1

else

if (jl.gt.1) then

if (il.gt.jl) then

je=j-1

is=i-1

ok=1

else

is=]
=i

-(j1-11)
is=i+(j1-i1)
ok=1

endif
endif
ondal
an

else
if ((jh.eq.ih).and.(jh.gt.0)) then
js=i-m1

is=i-mi

ok=1

else

if ((jh.ne.ih).and.(jh.1t.ih)) then
if (jh.eq.0) then

it (j.gt.(m2+1)) then

if (il.ge.jl) then

js=j-1

is=i-1

ok=1

else

js=j-(j1-11)

is=i+(j1-11)

ok=]
endif
endif

else
js=j-mi
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is=i-m1
ok=1
endi

else

if ((jh.ne.jh).and.(jh.gt.ih)) then
je=j-{(jh~-ih)*m1

is=i+(jh-ih)*m1

mult=-1.0

ok=1
endi r
endif
endif
aend
return
end
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subroutine aymzz(j,i,jt,jh,jw,jl.it,ih,iw.il,nl,nw,nh,
+ jl,il,ok,mult)

real malt
integer j,i,jt,jh,jw,jl,it,ih,iw,il,ok,mi,m2,js,is

c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
¢ Subroutine symzz investigates symmetry for zzz c
¢ If there is even symmetry, ok=1, mult=1 c
c If there is odd symmetry, ok=1, mult=-1 ¢
c c
¢ called by: zzz c
c c
¢ _ calls: none c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

mi=nl*n¥

m2=m1

mult=1.0

if ((jh.eq.ih).and.(jh.eq.0)) then
it (jw.eq.0) then

if (j.gt.(2#m2+1)) then

it (il.ge.jl) then

else

j|=j—(j1-il)
is=4+(j1-11)
ok=1
endif
endif

else
it (iw.gt.0) then

else

if (jl.gt.1) then
it (il.gt.jl) then
js=j-1

is=i-1

ok=1
endif
endif
end] F
endis

else

if ((jh.eq.ih).and.(jh.gt.0)) then
js=j-ml

is=i-mi

ok=1

else

if ((jh.ne.ih).and.(jh.1t.ih)) then
if (jh.eq.0) then

if (j.gt.(2*m2+1)) then

it (il.ge.jl) then

js=j-1

is=i-1

ok=1

else

js=j-(31-11)

is=i+(jl-1i1)

ok=1

endif

endif

else

1s=1-m1
s=i-mi

ok=1

endif

else
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endi
endi
return
end
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anon a0t 000

(2]

subroutine gaus2(z,w)
real z(24),w(24)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Subroutine gaus2 contains

Legendre

polynomial

the Toots of 4th order

called by: various integration routines prefixed gq
ccececcecececececeeeceecececececcecceeecececcee

z(1)
z(2)
w(1)
w(2)

return
end

.3399810435848660
.8611363116940830

.6621451548626460
.34786548461374640
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annoan o

subroutine gaus4(z,w)
real z(24),w(24)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Subroutine iaus4 contains the

Legendre po

ynomial

roots of 8th oxder

called by: various integration routines prefixed gq
CCCCCCECECEECCECCEeceeceeeeceeeeceeeeccceeceeececceeccecceccecececcceec

N

—~

(2]

o
wouan

]

~

w

~
wBuwnn

.18343464249565600
.5265324099163290
.7966664774136270
.9602898664975360

.3626837833783620
.3137066458778870
.2223810344633740
.10122865362903760
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GO 000 OO0

subroutine gausé(z,w)
real z(24),w(24)
CCCCCCCCCECCCECCCCCCCCCECCECCCECCeeceecceececeeeececgeeeecececcececececcee
Subroutine inuse contains the roots of i2th order
Legendre polynomial
called by: various integration routines prefixed gq
CCCCCCCECECCCCCCCCCCCCCCCeceeceeceeccecceeceeeceecececececeececececcecccec
z(1) =.1262334086511489
z(2) =.36783149689098180
z(3) =.587317964286617
224) =,769902674194306
z(B) =.904117266370476
z(6) =.9815660834246719
w(1l) =.249147046813403
w(2) =.2334926365383566
w(3) =.203167426723066
w(4) =.160078328643346
HEB; =.106939326096318
w(68) =.047176336386512
return
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AN oonn 000

subroutine gaus24(z,w)
real z(24),w(24)

€CCCECECCCCCECEECCECCCeCCEECeeceeeeceececceeeeeeecceecseecceecceccece

Subroutine gaus24 contains the roots of 48th order

Legendre polynomial

called by: various integration routines prefixed gq

CCCCCeECeeCeCeCCCeCCECCCCCCCCECCECCEeceeeeeeeceececececcececececeececeece

z(1) =.032380170962866362033
252) =.097004699209462898930
z(3) =.161222366068891718066
z(4) =.224763790394680061225
z(6) =.287362487356466676736
z(G; =.348756886202160738160
z(T) =.408686481990716728916
z(8) =.4669020804750968404645
z(9) =.523160974722233033678
z(10)=.577224726083972703818
z(11;=.628687390776513623995
2(12)=.677872379632663906212
2213)=.724034130923814654674
z(14)=.767169032616740339264
z(16)=.807066204029442627083
z§16)=.843588261624393530711
z(17)=.876672020274247886908
z(18;=.905879136715569672822
2(19)=.931386600706664333114
z(20)=.0852087703160430860723
z(21)=.970691692646247260481
z(22)=.984124583722826857745
z(23;=.993530172206350757548
z(24)=.998771007262426118601
w(1) =.064737696812683922603
w(2) =.084466164436950082207
w(3) =.0639242386584648186624
w(4) =.063114192286264026667
w(6) =.062039423169892663904
w(6) =.080704439166893880063
w(7; =.069114839698396563657486
wge =,067277292100403216706
w(9) =.0656199503669984162868
w(10;=.052890189486193867096
w(11)=.050369036663864474958
w(12)=.047616668492490474826
w(13)=.04467456085666942804190
w(14)=.0416460829043464749214
w(16)=.038241361066830706317
w(16)=.0347772225664770438883
w§17)=.031167227832798088902
w(18)=.0274266097083656948200
3(19;=.023570760839324379141
w(20)=.019616160467366627814
w§21;=.015579315722943848728
w(22)=.0114772346792345639480
w§23;=.007327553901276262102
w(24)=.003153346052306838633
Teturn
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QOO0 0O 000

ccecceceeceeeececeeceecegeccececceccece

cceeeeeeccceece CCCCCCCCCCCECCECCCCCCeeeeceeceececeecececceceeecccecececccece

176

176

program org main
real* 8 lngth,wdth,w!,wq.hi,

+ xs0,wsc,1sc,t,er,

+ lx.ly,lz,freq,xdo,tlang

integer elnumc,ncl,ncw,mi,flga r,:;sdip,!lgms,
+ nf ,mi,elnumd,mdi,md2,nld, ,nud

Program org organizes the output data for further analysis
The current vector is written to the file ’cur’, other data
necessary for the analysis is written to the file ’dat’

calls: orgsub

read(b,*)

read(6,*)

read(5,*)

read(5,*) flgair,flgdip,figms

read(6,*) ncl,ncw,lngth,wdth,wf,mi,elnumc

read(6,*) xs0,wsc,lsc,xd0,mi,flang

read(5,*) elnumd,mdi,md2,nld,nhd,nwd,t

read(6,*) 1x,ly,1z,freq,er

read(6,*) wq,hf,nf

nn=elnumc+elnumd

call orgsuh(ncl,ncw,lngzy,wdth,wf,ml,elnnmc,xso.lsc,
e

+ wsc,xdo0, umd,flgair,flgdip,flgms,fleng,
+ md1i,md2,nld,nhd ,nw%d,t,1x,1ly,1z,fxreq,er,nn,
+ wq,hf ,nf mi)

end

subroutine orgaub(ncl,ncw, th,wdth,wf ,ml,elnumc,xs0,lsc,
+ wsc,xd0,elnumd,flgair,f1gdip,figms,flang,
+ mdi,md2,nld,nhd,nwd,t,1x,1y,1z,freq,er,nn,
+ wq,hf,nf,mi)

real* 8 lngth,wdth,h,w,wt,pi,tota,phi,eabs(ZOO),max,wq,
+ hu(2000) ,wu(2000) ,x80,wsc,1lsc,tetdum,tc,t,exr,ht,
+ lx,ly,lz,klx,kly,klz,kwf,treq,xdo,kt,kxlo,tlang

complex* 16 r(mn),eteta,pl,zs

integer i,j,cut,no,olnnmc,dnm2(2000),ncl,ncw,mi,dum(2000),

+ mi,elnumd,md1,md2,nld,nhd,nwd,nn,flgair,flgdip,
+ flgms ,nf
read(5,*) dum2,dum,wu,hun

read(b,*) r
open (unit=9,file=’dat’)
open (unit=2,file=’cur’)

write(9,*) flgair,flgdip,flgnms

write(9,*) ncl,ncw,ingth,wdth,wf,mi,elnumc
write(9,*) xs0,wsc,lsc,xd0,mi,flang
write(9,*) elnumd,mdl,md2,nld,nhd,nwd,t
write(9,*) 1x,1y,lz,freq,er

write(9,*) wq,hf,nf

do 175 i=1,4*mi+nf

if (i.le.m1) then

write(9,*) dum2(i),dum(i),wu(i),hu(i)

else

write(9,*) dum2(i)
endif

continue

do 176 i=1,nn
write(2,*) r(i)
continue
close(unit=9)
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close(unit=2)
return
end
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o0 n 000

program pattern main

real* 8 lngth,wdth,h,w,wt,pi,teta,phi,mux,wq.h!,zo,

+ hu(2000) ,wvu(2000) ,x80,wsc,1sc,tetdum,tc,t,er,
+ lx,ly,lz,klx.kly,klz,kvt,!roq,xdo,kt,kxlo,tlang,
+ eabste(901),oabspe(901),oablth(901).oabsph(901)

complex* 16 r(5000) ,steta,pl,zsteta,zsphi,ephi
integer i,j,cnt,no,elnumc,dum2(2000),ncl,ncw,mi,dnm(2000),
mi,elnnmd,mdi,md2,nld,nhd,nwd,tlgair,tlgdip,

+
+ flgms,nf,flg

xp
character cur*ib,dat*15,hacp*16,eacp*16,haxp*16,eaxp*1b

CCCCCCCCCCCCCCCCCCECECECCCCCCCLCECeeeeeeecececececeeceecceeceececcececcecc
C

P

rogram pattern computes the far-fields of the antenna

in the E and H planes of the antenna only

calls: fsource, farfld, ediel, calcc, dipfld
CCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCLceceececeececceceeceeceecccceecce

write(6,*) ’enter current and data file name’

10

read(5,*) cur,dat

write(6,*) ’enter ecp,hcp,exp,hxp’
read(6,*) eacp,hacp,eaxp,haxp

flgx=0

write(8,*) ’enter 1 if x-pol is required’

write(6,*) ’note: for air LTSA x-pol shouldn’t be requested’
write(68,*) ’since it is zero, underflow may result !’

open (unit=2,file=cur)
open (unit=9,file=dat)
open (unit=3,file=hacp)
open (unit=7,file=eacp)
if (flgx.eq.1) then
open (unit=33,file=haxp)
open (unit=77,file=eaxp)

endif

pi=datan(1.d0)#*4.d0

p1=(0.d0,1.d0)

read(9,*) flgair,flgdip,flgms
read(9,*) ncl,ncw,Ilngth,wdth,ws,mi,elnumc
read(9,*) xs0,wsc,lsc,xd0,mi,flang
read(9,*) elnumd,mdi,md2,nld,nhd,nwd,t
read(9,*) 1x,ly,lz,freq,er

read(9,*) wq,hf,nf

klx=2.d0*pi*lx

kly=2.d0#*pix*ly

k1z=2.d0*pi*lz

kt=2.d0¥pirt

kwf=2.d0*pi*wi

kxs0=2.d0*pi*xs0
z0=wdth+2.d0*pi+kwt/2.40

do 7 j=1,4*mi+nf

if (j.le.m1) then

read(9,*) dum2(j),dum(j),wu(j),hu(j)

else

read(9,*) dum2(j)
endif

continue

w=1lngth/dble(ncl)
h=wdth/dble(ncw)

do 10 i=1,elnumc+elnumd
read(2,*) r(i)

continue

max=0.d0
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do 836 cut=0,1

if (cut.eq.1) then
teta=90.d40
teta=teta*pi/180.40
phi=0.4d0

else

phi=0.d0
phi=phi*pi/180.d0
teta=0.d0

endif

no=number of data points

no=360
tc=2.d0*pi/dble(no)

do 20 j=0,no

if (cut.eq.1) then
phi=tc*dble(j)
tetdum=teta

else

teta=tce*dble(j)

if (teta.gt.pi) then
tetdum=2,.d0+pi-teta
phi=pi

else

tetdum=teta
phi=0.d0

endif
endif

call the far-field calculating routine

call farfld(ncl,dum2,wdth,r,h,w,tetdum,phi,eteta,mni,pi,wt,
wu,hu,xs0,wsc,1lsc,t,er,ni,ephi,xdo,
mdl,md2,nld,klx,kly,klz,olnnmc,olnnmd,vq,h:,ni)

if (flgdip.eq.1) goto 892
add the far-field of the source

call !lource(pi,pi,totdum,phi,kw!,kxso,kt.z-toen,zaphi.

+ flgms,z0)

eteta=eteta-zsteta
sphi=ephi-zsphi

c892 continue

[+
[+

if (cut.eq.1) then

eabsth(j+1)=cdabs(eteta)

find the max of the field and organize

if (eabsth(j+1).gt.max) max=eabsth(j+1)

if (flgx.eq.1) then
eabsph(j+1)=cdabs (ephi)

if (eabsph(j+1).gt.max) max=eabsph(j+1)

endif

else
eabste(j+1)=cdabs(eteta)

it (eabste(j+1).gt.max) max=eabste(j+1)

if (flgx.eq.1) then
eabspe(j+1)=cdabs(ephi)

if (eabspe(j+1).gt.max) max=eabspe(j+1)

endif
endif

20 continue

c835 continue

[

do 836 cut=0,1
do 30 j=0,no

calculate dB values and write to output files
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if (cut.eq.1) then
eabsth(j+1)=20.d0*d1log(eabsth(j+1)/max)/dlog(10.d0)
if (flgx.eq.1) then
oabsph(j+1)=20.dotdlog(eabsph(j+1)/max)/dlog(io.do)
endif

else
eabste(j+1)=20.d0*dlog(eabste(j+1)/max)/dlog(10.40)
if (flgx.eq.1) then
eabspe(j+1)=20.d0*d1log(eabspe(j+1)/max)/dlog(10.d0)
ondit

if (cut.ne.1) then

phi=tc*dble(j)*180.40/pi

else
phi=tc»dble(j)*180.40/pi

endif

if (cut.eq.1) then
write(3,*) phi,eabsth(j+1)
if (flgx.eq.1) then
write(33,*) phi,eabsph(j+1)
endif

else
write(7,*) phi,eabste(j+1)
if (flgx.eq.1) then
write(77,*) phi,eabspe(j+1)
end- 4
.nd- p
30 continue
836 continue
end
subroutine fsource(pi,pi,teta,phi,kwf, kxs0,kt,
+ zsteta,zsphi,flgns,z0)
real* 8 pi,teta,phi,kwf, kxs0,kt,z0
complex* 16 zs,pl,zsteta,zsphi
integer flgms

subroutine fsource calculates the far-fields of the source

if (flgms.eq.0) then

zs=kwf*dsin(teta)
zs=zs*cdexp(p1*kxsO+*dsin(teta)+*dcos(phi))
zsteta=zs*cdexp(pi*kt*dsin(teta)*dsin(phi))
zsphi=0.d0

else
zs=kt*cdexp(p1*kxsO*dsin(teta)*dcos(phi))
zs=zs*cdexp(pi*kt/2.d0*dsin(teta)*dsin(phi))
zs=zs*cdexp(-p1*z0*dcos(teta))
zsteta=-zs*dcos(teta)*dsin(phi)
zsphi=-zs*dcos(phi)

endif

return

end

subroutine farfld(ncl,dum2,wdth,r h,w,teta,phi,eteta,mi,pi,
+ wf,wu,hu,xs0,wsc,lsc,t,er,mi,ephi,xdo,
+ mdl,md2,nld,klx,kly,klz,olnnmc,olnund,wq,h:,ni)
real* 8 h1,w1,h,w,teta.phi,gam,alp,yi.xi,wdth,pi,d,hh,wf,
+ i1,i2,wu(2000) ,hu(2000) ,x80,wsc,lsc,t,er,1,xd0,
+ hfi,hi1,h21,wq,ht,
+ klx,kly,klz

complex* 16 r(5000),eteta,ephi,z12,r1,r2,r3,a,b
integer i,j,m1,ip,ii,jj,dum2(2000),ncl,mi,
+ mdi,md2,nld,elnumc,elnumd,aj,it,ih,iv,il,nt
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subroutine farfld calculates the far-fields of the antenna

eteta=0.d40

ephi=0.d0

do 10 i=1,4*mi+nf+md2

it (i.le.(4*mi+nf)) then
if (dum2(i).eq.0) goto B51
z12=0.40

do 23°j=1,2

if (j.eq.1) then

i1=0.40

i2=1.40

else

i1=1.40

12=0.d40

endif

if ((i.ge.0).and.(i.le.m1)) then
gam=pi/2.d0

alp=1.6d0pi
ii=int((i-1)/ncl)+1
jj=i-(1i-1)»ncl

if (j.eq.1) then
wizhu(i+1)/2.40

hi=wu(i)

yi=dble(jj-1)*w
x1=wdth-dble(ii-1)*h-hu(i+1)/2.d40+w1/2.40

else

wi=hu(i+1)/2.d0

hi=wu(i+1)

yi=dble(jj)*w
xiiggth-dblo(ii-i)*h-hu(i+1)/2.d0+w!/2.d0
120.do

endif

if ((i.gt.m1).and.(i.le.(2#m1))) then
gam=pi/2.40

alp=1.65d0*pi

ii=int ((i-m1-1)/ncl)+1
jj=i-m1-(ii-1)*ncl

ip=i-(2#ii-1)*ncl

if (j.eq.1) then

wi=hu(ip+1)/2.d40

hi=wu(ip)

yi=dble(jj-1)*»w
x1=-dble(ii)+h+hu(ip+1)/2.d0-w1/2.d0

else

wizhu(ip+1)/2.40

hi=wu(ip+1)

yi=dble(jj)*w
xi=-dble(ii)*h+hu(ip+1)/2.40-v£/2.40
endif

1=0.40

endif

it ((i.gt.(2*m1)).and.(i.lo.(atmi))) then
gam=0.d

alp=0.d0

ii=int((i-2*m1-1)/ncl)+1
ji=i-2#m1-(ii-1)*ncl

ip=i-2#m1

if (j.eq.1) then

wi=wu(ip)/2.40

hi=hu(ip)
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xi=dble(jj-1)*w+wu(ip)/2.d0
y1=db10(ii—1)*h—vdth-wf/2.dO

else

wi=wu(ip+ncl)/2.d0
hi=hu(ip+ncl)
xi=dble(jj-1)*w+wu(ip+ncl)/2.d0
yi=dble(ii)*h-wdth-wf/2.40

if (i.eq.(4*mi+1)) then
gam=0.d40

alp=0.40

wis=wsc

hi=lsc

if (j.eq.1) then

xi=wi

y1=-hil

it ((i.gt.(S*mi)).and.(i.le.(4*m1))) then
gam=0.4d

alp=0.d40

ii=int ((i-3*mi-1)/ncl)+1
jj=1-3*m1-(ii-1)*ncl
ip=i-(2*ii-1)*ncl-2+mi

if (j.eq.1) then
wi=wu(ip)/2.40

hi=hu(ip)
x1=dble{(jj-1))*w+wu(ip)/2.40
y1=dble(ii)*h-hu(ip)+w£/2.d40

else

wi=wu(ip-ncl)/2.40

hi=hu(ip-ncl)
xi=dble((jj-1))*w+wu(ip-ncl)/2.40
yi=dble(ii)*h+w?/2.40

endif

1=0,d0

endif

it ((i.%t.(4#m1+1)).and.(i.le.(4*m1+ni))) then
gam=0.d

alp=0.40

iji=i-4emi-1

wi=wq/2.d0

hizhf

if (j.eq.1) then

x1=x80
yi=dble(ii-1)+hf-wdth-wf/2.d40
else

xi=x80
yil=dble(ii)*hf-wdth-wf/2.d0
endif

1=t

endif

c
¢ calculate the distance of the monopole from the origin
d=dcos(alp)*xi-dsin(alp)=*yil

hh=dsin(alp)*x1i+dcos(alp)*yl
call dipfld(r(dum2(i)),h1,wi,d,bh,1,teta,phi,gam,alp,
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+ pi,a,b,i1,1i2)
eteta=etetata
ephi=ephi+b

23 continue
else

c
¢ calculate the distance of dielectric current from the origin

c
aj=i-4*mi-nf
it=int((aj-1)/md2)
ih=int((aj-it*md2-1)/md1)
iw=int((aj-it*md2-ih*mdi-1)/nld)
il=aj-it*md2-ih*mdi-ig*nld
ri=r(elnumc+aj)
r2=r (elnumc+aj+md2)
r3=r(elnumc+aj+2*md2)
d=xd0+dble(il)*klx-klx/2.40
hh=dble(ih)*kly+kly/2.d0
1=dble(iw)*k1z+k1z/2.d0-(wdth+wf/2.40)+2.d0*pi
call ediel(teta,phi,d,hh,l,ri,r2,r3,k1x,kly,k1z,n,b)
eteta-etetata
ephi=ephi+b
endif

661 continue

10 continue

return
end
subroutine ediel(tota,phi,d,hh,l,ri,r2,rS,klx,kly,klz,u,b)
real* 8 teta,phi,d,hh,l,klx,kly,klz
complex* 16 r,a,c,b,r1,r2,r3

subroutine ediel calculates far-fields of dielectric part
calls: calcc for the calculation of a common term

call calcc(teta,phi,klx,kly,klz,d,hh,l,c)

a=c*(dcos (teta)*dcos(phi)*risklx+dcos(teta)*dsin(phi)*r2+kly-
+ dsin(teta)*r3*klz)

b=c#*(-dsin(phi)*ri*klx+dcos (phi)*r2+kly)

return

end

subroutine calcc(teta,phi, klx,kly,klz,d,hh,1,c)

Teal* 8 tetn,phi,klx,kly,klz,d,hh.l,ci,c2,c3,c4,c5

complex* 16 c,pl

o0 00

subroutine calcc calculates the common term in dielectric
far-field calculations

p1=(0.40,1.d0)
c1=dsdsin(teta)*dcos(phi)+hh*dsin(teta)*dsin(phi)+1*dcos(teta)
c2=klx*dsin(teta)*dcos(phi)/2.40
c3=1.40

if (c2.ne.(0.d0)) c3=dsin(c2)/c2
c2=kly*dsin(teta)*dsin(phi)/2.d40
c4=1.d40

if (c2.ne.(0.40)) c4=dsin(c2)/c2
c2=klz*dcos(teta)/2.d0

cb=1.40

if (c2.ne.(0.d0)) cb=dsin(c2)/c2
c=cdexp(pi*cl)*c3*c4*ch

return

end

subroutine dipfld(r,hi,wi,d,hh,l,teta,phi,gam,alp,
+ pi,ete,eph,i1,i2)

Teal* 8 hi,wi,d,hh,teta,phg,glm,alp,pi,c,b,a,ii,i2,a2,kh1,1
complex* 16 ete,aa,pl,r,c2,qi,q2,eph

anaon
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aon o000

subroutine dipfld calculates the far-fields of the monopole
currents for the conducting parts of the antenna using a
closed form formula obtained from the vector potential
formulation

kh1=2.d0*pishi

c=(d*dsin(teta)*dcos (phi)+hh*dcos(teta)+

+ 1*dsin(teta)*dsin(phi))*2.d0*pi
b=(dcos(alp)*dsin(teta)*dcos(phi)+dsin(alp)*dcos(teta))*2.40*pi
a=dcos (alp)*dcos(teta)-dsin(alp)*dsin(teta)+*dcos(phi)
p1=(0.d0,1.40)

a2=2.d0*pi*a
q1=ii*(dcos(n2*h1)—dcos(kh1)+p1*dsin(a2*h1)—pi*a*dlin(khi))
q2=cdexp(pi*a2+h1)*(pl*a*dsin(khi)-dcos(kh1))

it ((a.ne.(-1.d0)).and.(a.ne.(1.40))) then
q1=q1/((1.d0-a**2)*dsin(kh1))
q2=12%(q2+1.d0)/((1.d0-a**2)+dsin(kh1))

else
ql=-khi*dsin(a*kh1)+p1*khi*dcos(a*khi)-p1*dsin(khi)
qi=i1*q1/(-2.d0*a*dsin(kh1))
q2=-khi*a*dsin(kh1)-pi*khi*dcos(kh1)+pi*dsin(kh1)
q2=1i2#q2%cdexp(pi*arkh1)/(-2.d0*a*dsin(kh1))

endif

aa=cdexp(pi*c)

c2=1.d40

it ((b*wi).ne.(0.d0)) then

c2=c2*dsin(wisb)/(w1*b)

endif

aa=aa*c2*(ql+q2)*r

ete=aa*(-dcos (teta)*dcos(phi)*dsin(alp)-dcos(alp)*dsin(teta))
continue

eph=aa*(dsin(phi)*dsin(alp))

r;gprn

.
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program patdd main
real* 8 lngth,wdth,h,w,wt,pi,tota,phi,max,uq,ht,

+ hu(2000) ,%wu(2000) ,x80,wsc,1lsc,tc,t,er,
+ lx,ly,lz,klx,kly,klz,kwi,treq,xdo,kt,kxso,tlang,
+ dcpabs (901) ,dxpabs(901) ,phim,beta,gam,z0

complex* 16 r(6000) ,eteta,pl,zsteta,zsphi,ephi,edcp,edxp
integer i,j,cut,no,elnumc,dum2(2000),ncl,ncw,mi,dnm(2000),
mi,elnnmd,mdl,mdz,nld,nhd,nnd,tlgnir,1lgdip,
f1lgms ,nf
character cur*1b,dat*15,dcp*16,dxp*16
CCCCCCCCCCCCCCCCCCECCCCCCCCLCCeCCeeceecececeeceececececceceececceee
Program patdd computes the far-fields of the antenna c
in a plane specified with the angles beta and gamma

+ +

c
beta: offset angle of TSA from the rotation axis g
gamma: offset angle of standard gain antemna from rot. axis c

c
calls: fsource, farfld, ediel, calcc, dipfld 2

CCCCCECCECCCCCCCCCEECCCCCCCCCECCeeeeccecceceeeeceececececcecceececeee

write(68,*) ’enter current and data file name’

read(5,*) cur,dat

write(8,») ’enter dcp,dxp’

read(5,*) dcp,dxp

open (unit=2,file=cur)

open (unit=9,file=dat)

open (unit=3,file=dcp)

open (unit=7,file=dxp)

pi=datan(1.d0)#*4.d0

p1=(0.40,1.d0)

read(9,*) flgair,flgdip,flgms

read(9,*) ncl,ncw,lngth,wdth,wf,ml,elnumc

read(9,*) x80,wsc,1lsc,xdO,mi,flang

read(9,*) elnumd,mdi,md2,nld,nhd,nwd,t

read(9,*) 1lx,ly,1lz,freq,er

read(9,*) wq,hf,nf

klx=2.d0#*pi*lx

kly=2.d0*pi*ly

K1z=2.dO*pi*lz

kt=2.d0*pist

xwi=2.d0*pi*ut

kx80=2.d0*pi*xs0

z0=wdth#*2.d0*pi+kwf/2.d0

do 7 j=1,4*mi+nf

if (j.le.mi) then

read(9,*) dum2(j),dum(j),wu(j),hu(j)

else
read(9,*) dum2(j)
endif

7 continue
w=1ngth/dble(ncl)
h=wdth/dble(ncw)

do 10 i=1,elnumc+elnumd
read(2,*) r(i)
10 continue
max=0.d0
write(6,*) * Enter beta-offset angle of TSA’
read(b,*) beta
write(6,*) ’ Enter gamma-offset angle of measurement ant. '’
read(5,*) gam
beta=beta*pi/180.d0

0000 0O0 600
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gam=gam+pi/180.d0
no=360
tc=2.d0*pi/dble(no)
do 20 j=0,no
phim=tc*dble(j)

calculate the pattern angles as seen by LTSA
call calc(pi,phim,beta,teta,phi)
call the far-field calculating routine

call farfld(ncl,dum2,wdth,r,h,v,teta,phi,eteta,mi,pi,vt,
+ wu,hu,xs0,wsc,1sc,t,er,mi,ephi,xdo,
+ md1,md2,nld, klx,kly,klz,elnumc,elnumd,wq,ht,nt)
861 continue
if (flgdip.eq.1) goto 892
add the far-field of the source

call tlourco(pi,pi,tota,phi,kwt,kxlo,kt,zsteta,zlphi,
+ flgms,z0)
eteta=eteta-zsteta
ephi=ephi-zsphi
892 continue
calculate the measured quantity in terms of theta and phi
components of the electric field intensity of LTSA

call meas(pi.phim,beta.gum,tctt,phi,etota,ophi,cdcp,edxp)
find the max of the field and organize

dcpabs(j+1)=cdabs (edcp)
dxpabs (j+1)=cdabs (edxp)
if (dcpabs(j+1).gt.max) max=dcpabs(j+1)
if (dxpabs(j+1).gt.max) max=dxpabs(j+1)
20 continue
calculate dB values and write to output files

do 30 j=0,no
dcpabs(j+1)=20.d0#dlog(dcpabs (j+1)/max)/dlog(10.d0)
dxpabs (j+1)=20.d0*dlog(dxpabs (j+1)/max)/dlog(10.d0)
phi=tc*dble(j)*180.40/pi
if (phi.gt.(180.d0)) phi=phi-360.d0
write(3,*) phi,dcpabs(j+1)
write(7,+) phi,dxpabs(j+1)
30 continue
end
subroutine meas(pi,phim,beta,gam,teta,phi,
+ eteta,ephi,edcp,edxp)
real* 8 pi,phim,beta,gam,teta,phi,a,b,c,d,gam?
complex* 16 eteta,ephi,edcp,edxp

(2]

anon o000

ano

a0 0000

ao0on

subroutine meas
calculates the measured quantity in terms of theta and phi

components of the electric field intensity of LTSA

a0 0no

gam2=gam+pi/2.d0

a=-dsin(phim)*dcos(teta)*dcos(phi)

a=a+dcos (phim)*dcos(beta)+dcos(teta)*dsin(phi)
a=a-dcos(phim)*dsin(beta)*dsin(teta)
b=dsin(phim)*dsin(phi)+dcos(phim)#*dcos(beta)*dcos(phi)
c=dsin(beta)*dcos(teta)*dsin(phi)+dcos(beta)*dsin(teta)
d=dsin(beta)*dcos(phi)
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oo

on o

edcp=(a*dsin(gam)-c*dcos(gan))*eteta
edcp=edcp+(b*dsin(gam)-d*dcos (gam) ) *ephi
edxp=(a*dsin(gam2) -c*dcos(gam2))*eteta
edxpzedxp+(b*dsin(gamz)—d*dcos(gamz))*ephi
return

end

subroutine calc(pi,phim,beta,teta, )
real* 8 phim,beta,teta,phi,x,y,z,p

subroutine calc calculates the pattern angles as seen by LTSA

+

x=dcos(phim)
y=dsin(phim)*dcos(beta)
z=dsin(phim)*dsin(beta)

it ((beta.eq.(pi/2.40)).and.(y.1t.(1.d-7))) then
it (x.ge.(0.d0)) phi=0.d0
if (x.1t.(0.d0)) phi=180.d0

1
;t-zx.eq.(o.do)) then
it (y.gt.(0.d0)) phi=pi/2.d0
if (y.1t.(0.d0)) phi=3.d0*pi/2.d0

;}.z(y/x).lt.(o.do)) then
if (y.1t.(0.d0)) phi=datan(y/x)+pi*2.d0
i? (x.1t.(0.d0)) phi=datan(y/x)+pi

1
;t'z(y/x).go.(o.do)) then

if (y.1t.(0.d0)) phi=datan(y/x)+pi
if (y.gt.(0.d0)) phi=datan(y/x)
::r it
endif
endif
teta=dacos(z)
return

end

subroutine Ilource(pl,pi,tetu,phi,kwt,kxso,kt,
zsteta,zsphi,flgms,z0)

real* 8 pi,teta,phi,kwt,kxso,kt,zo

complex* 18 zs,pl,zsteta,zsphi

integer flgms

subroutine fsource calculates the far-fields of the source

+
+

it (flgms.eq.0) then

zs=kwf+dsin(teta)
zs=zs*cdexp(pi*kxsO+*dsin(teta)*dcos(phi))
zsteta=zs*cdexp(pi*kt*dsin(teta)+*dsin(phi))
zephi=0.d0

else

zs=kt*cdexp(pi*kxsO*dsin(teta)*dcos(phi))

zs=zs*cdexp(pi*kt/2.d0*dsin(teta)*dsin(phi))

zs=zs*cdexp(-pl*z0+*dcos(teta))

zsteta=-zs*dcos(teta)*dsin(phi)

zsphi=-zs*dcos(phi)

endif

return

end

subroutine farfld(ncl,dum2,wdth,r,h,w,teta,phi,eteta,mi,pi,

wf,wu,hn,xs0,wsc,1sc,t,ex,mi,ephi,xdo,

mdi,md2,nld,klx,kly,klz,olnnmc,clnnmd,wq,hi.ni)

real* 8 h1,wi,h,',teta,phi,gam,alp,yi,xl,wdth,pi,d,hh,wf,
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onon

+ i1,i2,wu(2000) ,hu(2000),x80,wsc,1lsc,t,er,1,xd0,
+ hfi,hi1,h21,k1x,k1ly,k1z,wq,ht

complex* 16 r(5000) ,eteta,ephi,zi2,r1,r2,r3,a,b
integer i,j,mi.ip,ii,jj,dnm2(2000),ncl,mi,ni,
+ mdl,md2,nld,elnumc,elnumd,aj,it,ih,iw,il

subroutine farfld calculates the far-fields of the antenna

eteta=0,d0

ephi=0.d0

do 10 i=1,4*mi+nf+md2

if (i.le.(4*mi+nf)) then
if (dum2(i).eq.0) goto Bb1
z12=0.40

do 23°j=1,2

if (j.eq.1) then

i1=0.d0
i2=1.40

it ((i.ge.0).and.(i.le.mi)) then
gean=pi/2.d40

alp=1.6d0%pi

ii=int ((i-1)/ncl)+1

jj=i-(4i-1)*ncl

if (j.eq.1) then

wi=hu(i+1)/2.40

hi=wu(i)

yi=dble(jj-1)*w
x1=wdth-dble(ii-1)*h-hu(i+1)/2.40+wf/2.40

else

wi=hu(i+1)/2.40

hi=wu(i+1)

yi=dble(jj)*w
xi=wdth-dble(ii-1)*h-hu(i+1)/2.d0+w2/2.40
endif

1=0.40

endif

if ((i.gt.m1).and.(i.le.(2*m1))) then
gam=pi/2.4d0

alp=1.6d0*pi

iizint((i-m1-1)/ncl)+1
jj=i-mi-(ii-1)*ncl

ip=i-(2%ii-1)*ncl

if (j.eq.1) then

wishu(ip+1)/2.40

hi=wu(ip)

yi=dble(jj-1)*w
xi=-dble(ii)*h+mm(ip+1)/2.40-w1/2.40

else

wiz=hu(ip+1)/2.40

hi=wu(ip+1)

yi=dble(jj)*w
xi=-dble(ii)*h+hu(ip+1)/2.40-w2/2.40

endif
=0.d40
endif

if ((i.gt.(Z#ml)).und.(i.le.(3¢m1))) then
gam=0.d
alp=0.d0
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ii=int ((i-2+*m1-1)/ncl)+1
jj=i-2+m1-(ii-1)*ncl
ip=i-2*mi

if (j.eq.1) then
wi=wu(ip)/2.40

hi=hu(ip)
x1=dble(jj-1)*w+wu(ip)/2.40
yi=dble(ii-1)#*h-wdth-wt/2.d40

else

wi=wu(ip+ncl)/2.d0
hizhu(ip+ncl)
x1=dble(jj-1)*w+wu(ip+ncl)/2.40
yi=dble(ii)*h-wdth-w2/2.d0
endif

1=0,.40

endif

if (i.eq.(4*m1+1)) then
gam=0.d0

alp=0.40

wl=wsc

hi=lsc

if (j.eq.1) then

x1=wl

yi=-hi

else

x1=w1

y1=0.40

endif
1=0.d0
endif

it ((i.gt.(3¢m1)).and.(i.le.(4*m1))) then
gam=0.d

alp=0.40

ii=int ((i-3*mi-1)/ncl)+1
jj=i-3+*m1-(ii-1)*mcl
ip=i-(2#ii-1)*ncl-2%m1l

if (j.eq.1) then
wi=wu(ip)/2.40

hi=hu(ip)
x1=dble((jj-1))*w+wu(ip)/2.d0
yi=dble(ii)*h-hu(ip)+wf/2.40

else

wi=wu(ip-ncl)/2.40

hi=hu(ip-ncl)
x1=dble((jj-1))*w+wu(ip-ncl)/2.40
y1=db10(ii)*h+wf/2.d0

endif

1=0.40

endif

if ((i.gt.(4*m1+1)).and.(i.le.(4*m1+n1))) then
gam=0.d

alp=0.d40

ii=i-4*mi-1

wi=wq/2.d0

hi=hf
if (j.eq.1) then

x1=x80
y1=db10(ii-i)*hi-wdth—w!/2.dO
else

x1=x80
y1=dble(ii)*h1-wdth—wt/2.do
fodis
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000

o000

0o 00

[T NeNel

endif

calculate the distance of the monopole from the origin

23

+

d=dcos(alp)#*xi-dsin(alp)=*y1l

hh=dsin(alp)*xi+dcos(alp)=*yl

call dipf1d(r(dum2(i)),hi,w1,d,hh,]l,teta,phi,gan,alp,
pi,a,b,i1,1i2)

steta=eteta+ta

ephi=ephi+b

continue

else

calculate the distance of dielectric current from the origin

661
10

aj=i-4+*mi-nf

it=int((aj-1)/md2)

ih=int ((aj-it*md2-1)/mdl)
iw=int((aj-it*md2-ih*mdi-1)/nld)
il=aj-it*md2-ih*mdi-iwsnld

ri=r(elnumc+aj)

r2=r(elnumc+aj+md2)

r3=r(elnumc+aj+2+md2)
d=xd0+dble(il)*klx-klx/2.d0
hh=dble(ih)*kly+kly/2.d0
1=dble(iw)*klz+k1z/2.d0-(wdth+wf/2.40)*2.d0%pi
call ediel(teta,phi,d,hh,l,r1,r2,r3,klx,kly,klz,a,b)
eteta=etetata

ephi=ephi+b

endif

continue

continue

return

end

subroutine ediol(tota.{hi,d,hh,l,rl,r2,r3,klx,k1y,klz,a,b)
real* 8 teta,phi,d,hh,l,klx,kly,klz

complex* 16 r,a,c,b,r1,r2,x3

subroutine ediel calculates far-fields of dielectric part
calls: calcc for the calculation of a common term

call calcc(teta,phi,klx,kly,k1lz,d,hh,1,c)
a=c*(dcos(teta)*dcos (phi)*risklx+dcos(teta)+dsin(phi)*r2+kly-

+ dsin(teta)*r3*klz)

b=c#*(-dsin(phi)*risklix+dcos(phi)*r2+kly)

return

end

subroutine calcc(teta,phi, klx,kly,klz,d,hh,l,c)
real* 8 teta,phi,klx,kly,x1z,d,hh,1l,cl1,c2,c3,c4,chb
complex* 16 c,pi

subroutine calcc calculates the common term in dielectric
far-field calculations

p1=(0.40,1.40)
ci=d*dsin(teta)*dcos (phi)+hh*dsin(teta)*dsin(phi)+l*dcos(teta)
c2=klx*dsin(teta)*dcos(phi)/2.d0
c3=1.d0

if (c2.ne.(0.d0)) c3=dsin(c2)/c2
c2=kly*dsin(teta)*dsin(phi)/2.40
c4=1.d40

it (c2.ne.(0.d0)) c4=dsin(c2)/c2
c2=klz*dcos(teta)/2.d0

cb=1.d0

if (c2.ne.(0.d40)) cb=dsin(c2)/c2
c=cdexp(pl*cl)*c3#cé*ch

return
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00 0000

89

end
subroutine diptld(r,hi.wi,d,hh,l,teta.phi,gam,alp,

+ pi,ete,eph,il,i2)

real* 8 hi,wi,d,hh,tota,phi,gnm,llp,pi,c,b,a,ii,i2,n2.kh1.1
complex* 16 ete,aa,pl,r,c2,q1,q2,oph

subroutine dipfld calculates the far-fields of the monopole
currents for the conducting parts of the antenna using a
closed form formula obtained from the vector potential
formulation

+

khi=2.d0*pi*hi
c=(d*dsin(teta)*dcos(phi)+hh*dco|(tota)+
1+dsin(teta)*dsin(phi))*2.d0*pi

b=(dcos(a1p)*dsin(teta)*dcos(phi)+dsin(a1p)*dcol(teta))*2.dO*pi

a=dcos(alp)*dcos(tetu)—dsin(alp)*dsin(tota)*dcon(phi)
p1=(0.40,1.40)

a2=2.d0*pi*a
q1=11*(dcos(a2*h1)-dcos(khJ)+p1#dlin(n2*h1)-p1#a'dsin(kh1))
q2=cdexp(p1*a2*h1)*(pi*a*dsin(khi)—dcou(khi))

if ((a.ne.(-l.do)).and.Ea.no.(i.dO))) then
qi=q1/((1.d0-a*#2)*dsin(khi))

q2=12+(q2+1.40)/((1 .d0-a**2) *dsin(khi))

else
q1=-kh1*dsin(a*kh1)+p1*kh1*dcol(a*kh1)-pitdsin(khl)
q1=i1%q1/(-2.d0%a*dsin(kh1))
q2=-kh1*a*dsin(kh1)-pl*khi*dcos(khi)+p1*dlin(kh1)
q2=i2#q2#cdsxp(p1*atkh1)/(-2.dO*a*dlin(khi))

endif

aa=cdexp(pi*c)

c2=1,d0

it ({b*w1).ne.(0.40)) then

c2=c2*dsin(wi*b)/(wi*b)

endif

aa=aa*c2*(qi+q2)*r
ete=aa*(-dcos(tetu)tdcoc(phi)*dsin(alp)-dcou(alp)tdsin(tota))
continue

oph=aa*(dsin(phi)*dsin(alp))

return
end
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